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Two important developments of the last week, 
agreement on a tax bill and action to rehabili- 
tate security values, prepare for the chief step 
in rebuilding business, which is the creation of 
employment. But the prospect of prompt action 
to this effect has been dimmed by preoccupa- 
tion with charity measures. Legislative as well 
as business thinking is concerning itself with 
“direct relief.” How this new trend affects the 
efforts for resumption of local public construc- 
tion is discussed in an editorial in this issue. 
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Time to Resurface with BRICK.’ 
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Pavements resurfaced with brick in Illinois meet the Division of Highways’ requirement of not more than one-eighth inch variation in ten feet. 


T" ROUGH traffic arteries 


must be kept open. First 
consideration must be given 
those streets and highways 
where deterioration has set 
in. If such pavements are not 
resurfaced, maintenance costs 
soon exceed the costs of com- 
plete renewal. @ Today one stretch of high- 
way after another is being resurfaced with 
brick. The full value of the old pavement is 
used in the new. Settled subgrades are left 
undisturbed. With the old pavement as a 
base, and a new brick surface, the recon- 
stucted highway has the longest life and 
lowest upkeep of any pavement built. Illinois 
alone now boasts more than 70 miles of 


these brick resurfaced high- 
ways, all constructed within 
the last year. @ At a time 
when engineers are limited 
in their plans for highway 
improvements to the barest 
demands of public necessity, 
resurfacing with brick is the 
most logical of all improvements. Modern 
brick surfaced pavements are smooth. They 
last for years. Their upkeep is negligible. 


Insist on brick. ° 
THE METROPOLITAN PAVING BRICK CO. 
CANTON, OHIO 
Manufacturers of Metro Canton, Bessemer, Olean, and 


Cleveland Paving Block * Architectural Face Brick 
* Structural Clay Tile * Metro Trickling Filter Flooring * 
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MPORTANT constructive events marked the past 

week. Congress agreed on an effective revenue- 
producing tax bill, and good progress was made in organ- 
izing financial groups to take the lead in rehabilitating 
security values. These two achievements remove many 
fears and uncertainties, and, though their ultimate effect 
in restoring economic health must wait the test of time, 
they are good preparation for the next step, the creation 
of employment. 

At the moment, however, progress in this direction is 
checked by preoccupation with relief plans. It is pro- 
posed to extend national charity aid either directly ‘or 
through states to those who are suffering distress from 
the loss of their earning power. The pressure of neces- 
sity-has forced the subject into the foreground, and 
destitution has become a national issue. In this sudden 
prominence of relief the major issue of bringing about 
business recovery through employment of idle workers 
on local public construction is being overshadowed. 


LL will agree that in so far as relief is an imperative 
necessity it should have prompt, well-considered and 
vigorous action. But there ought to be no confusion of 
thought about its effect. We need to be particularly 
clear about its sufficiency, its effect upon business recov- 
ery and its relation to the public-works employment 
movement, for many think of relief as all-sufficient. 

It has been said that public-works construction is 
unnecessary if charity relief is provided. It has also 
been argued that the two are incompatible because the 
funds required for relief would make it impossible to 
provide money in support of construction. This reason- 
ing merits examination. 

Relief cannot render employment unnecessary, since 
it is only a palliative but never a cure. Relief measures 
would not restore work or earning power, being specifi- 
cally intended to maintain the idle. If anything, they 
would bring about further decline in industry and com- 
merce, since the wants that form the life of trade are 
lessened when large groups of people are reduced to a 
bare subsistence level under state charity. 


HE inadequacy of relief becomes most evident when 

two of its effects are considered: first, that charity 
inevitably pauperizes; second, that it can contribute 
nothing to business revival. The pauperizing effect is 
probably least serious where relief is allocated as an 
unemployment pension. It is most harmful in the form 
of bread-line charity to the destitute, the more probable 
form. We can hardly face with equanimity the inten- 
sive destruction of the spirit of self-help and initiative 
that is bound to result from such an aid system. If only 
for this reason, relief is at best a short-time expedient, 


to be terminated as quickly as possibly by bringing into 
action measures that will prevent destitution. But a 
further reason is found in the fact that relief obviously 
cannot be maintained in the long run unless the eco 
nomic organization is speedily restored to normal. 


AX TO THE influence of relief upon business, it need 
only be pointed out that its effects are all negative. 
Not a single item of consumption is added, no new wants 
are created, and no fresh enterprise or initiative is intro 
duced into the business organism. 

It is hoped and believed by many that relief measures 
will render unnecessary any attempts to bring the coun 
try back to normal conditions, because business will 
revive spontaneously in time, if left to itself. Given a 
sufficiently long time, this is doubtless true, but we think 
the cost would be far too great. Just such temporizing 
and waiting during the year past is responsible for the 
depth of distress today, and continued temporizing can 
bring nothing but continued distress. 

Last year the government deciared that we must de 
pend on spontaneous recovery and upon charity, and it 
uncompromisingly opposed the prosecution of public 
works to employ the idle. The results of this policy are 
with us today. The construction that was then being urged 
might now be spreading its benefits countrywide by tak- 
ing off the peak of unemployment. Quite as much 
hinges on action or inaction now. If something effective 
is done to put local public construction under way once 
more, it will mean a reduced relief burden next winter 
and in all-likelihood steady progress upward; if nothing 
is done, we continue to drift into an uncertain future. 


HUS, contributing nothing to employment or the up- 
building of business, restoring no buying power but, 
on the contrary, depressing it by holding large numbers 
of people at lowest subsistence level, relief becomes any 
thing but an aid to reconstruction. And _ finally, the 
argument of financial limitation has little weight in the 
light of the latest facts. Measures now before Con- 
gress, and the President’s proposals as well, contemplate 
provisions to finance not only relief but also employment- 
producing work. Relief, it seems, will not absorb such 
large resources as to prevent action of constructive kind. 
Whether or not we have national relief, then, every 
reason urges the continuance of efforts to restore normal 
conditions of life and business, for more than relief is 
required if the helpful possibilities of what was accom- 
plished last week are to come to fruition. Until another 
way is found to recreate work and earning power, em- 
ployment in public construction warrants full faith and 
support, and adequate financing of such construction 
therefore remains the leading issue. 


815 











NOTES OF THE WEEK 
A Dole Well Invested 


ISE expenditure of personal contributions for 

unemployment relief in Boulder, Colo.; has con- 
verted a potential dole into a community investment. 
The task performed by this little city, as described in 
the present issue, is equally ready to hand and equally 
simple in performance in every town, large or small, in 
the nation. It requires only intelligent citizenship direc- 
tion and cooperation with the public-works officials to 
capitalize in the form of community improvements a 
large part of every dollar contributed to the aid of those 
out of work and to give to those aided the self-respect 
coming from a dollar earned instead of received in 
charity. By not adopting the lazy way of the dole 
Boulder has created a better city 





Continuing Good Work 


HE CREDITABLE records made by state highway 

departments in providing winter road work to reduce 
unemployment are being continued into the spring and 
summer, according to employment figures collected by 
the Association of State Highway Officials. During 
\pril 39 states placed 7,180 miles of state road under 
coytract for a total of $95,828,518, and 185,795 men had 
been given employment. This year for the same month 
in the same number of states the figures were respectively 
3,874 miles, $38,524,278, and 205,221 men given work. 
The additional men have been given work by shortening 
the working day and staggering employment, commonly 
on the basis of three days’ work a week. In general, 
wage rates have not been reduced. The extension of 
highway construction and maintenance as a possibility 
for increasing the distribution of work requires no better 
proof than these figures. In the face of them, administra- 
tion statements at Washington that public-works con- 
struction is a neglible means of reducing unemployment 
merit little respect when applied to roadbuilding. 


State Aid for Cities 


SOUND MOVE has recently been made by the 

state of Michigan in connection with the financial 
plight of many of its local governments. Because of 
«a number of impending defaults, a state commission has 
heen formed to act as a refunding advisory body for 
municipalities that have bonds maturing within the next 
five years. It is not to be presumed:at the outset that 
state credit is to be made available for city refinancing, 
for the rules under which the new commission is to 
operate have not yet been formulated, but without ques- 
tion refunding in many cases will be greatly facilitated 
by the more capable fiscal administration to be made 
available. The significance of the move lies in the 
recognition by the state of an obligation to assist its 
creatures when they are in financial difficulties. The 
obligation exists not only as a moral responsibility but 
also as a matter of business prudence, for in critical 
times the 
cities, however independent it might be during normal 
periods. If state assistance must result in some degree 
of state supervision of local administrative policies, this 
outcome is infinitely to be preferred to the arbitrary 


and better citizens. 


state’s own credit is involved in that of its’ 
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dictation of private interests, which has too often 
‘recent months been set as the price of continued financ 
support. 








Reasoning by Hand 


EPLACEMENT or supplementing of mathematic 

analysis by the hand-measurement process of moc 
testing has to its credit many recent achievements. 
times one is even tempted to believe that we are back 1 
the methods of the civil engineering pioneers, who tric 
out their structures in model before building. But i 
fact, modern model work is essentially different fro 
that of the early days. The “deformeter” analysi- 
fathered by Prof. George E. Beggs, illustrates the point 
since it is in essence the solution of certain fundamenta! 
equations of mechanics that apply to the structure bein; 
studied. Something parallel to this was done in the 
suspension-bridge analysis that he and his co-worker: 
applied to the Mount Hope bridge and, in slightly dif 
ferent form, to certain tentative Bay Bridge designs 
Most illuminating is the finding that in certain respects 
the model can go beyond the reasonable range of alge 
braic analysis. Proper utilization of such possibilities 
should lead on to expansion 6f structural powers. 


Notable Wei ght Reduction 


OVING dead weight has long been recognized as 

one of the major burdens upon mass transportation 
of passengers, especially upon the steam railroads. The 
dead weight carried per passenger has increased pro- 
gressively with the development of the railroad car from 
the stagecoach prototype. For this reason the self-con 
tained rail cars now being built in this country with 
frames made up almost entirely of structural shapes of 
thin-section stainless steel are notable. Weight-saving 
changes have been made in other parts of the body, 
the weight of the trucks has been reduced, and by the 
use of six wheels per truck the introduction of pneumatic 
tires has been made possible. The result is a remarkably 
easy riding car and one in which great saving in dead 
weight has been accomplished. This type of car should 
show the way toward like economies in buses and other 
railway cars. 


Making Guard-Rail Pro gress 


HANGED conceptions of the purpose of the high- 

way guard-rail call for new design thinking. In 
this new thinking the mind must go far beyond looking 
on the guard-rail as a mere marker to define the road 
limits and to warn the driver of danger, and also beyond 
any notion that its function is to act as a rampart which 
a colliding car cannot breach. These purposes remain, 
but they are subordinate to the main purpose, which is 
to turn the colliding vehicle safely back onto the road. 
To serve this purpose, the barrier must spring under the 
impact of the colliding car and must present a smooth 
gliding surface where it contacts with the car. Primarily, 
also, this surface should contact with the vehicle at 
those parts which carry the reacting thrust most directly 
to the vehicle framework. In emphasizing these objec- 
tives the tests described in this issue and the shrewd 
reasoning with which they are interpreted are an im- 
portant contribution to highway design. 
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to the entrance of the train concourst 


Parallel Trusses Carry Dome 
of Cincinnati Station 


By O. S. Payzant 


Engineering Associate, Fellheimer & Wagner 
Architects and Engineers, New York City 


SEMI-DOME type of roof adopted 
for the station building of the 
union passenger terminal at Cin- 

cinnati, Ohio, presented special prob- 
lems in the design and erection of the 
structural-steel framing. In this build- 
ing the main floor is some 35 ft. above 
the normal ground elevation of the sur- 
roundings, thus giving the building a 
conspicuous and_ significant position 
fronting on a plaza at the head of a 
landscaped approach incline, as de- 
scribed in Engineering News-Record of 
Feb. 26, 1931, p. 348. In this plaza 
entrance the central part is reserved for 
the use of persons on foot and in auto- 
mobiles. Triple loops at the sides of 
the plaza and passing through the sta- 
tion at lower elevations provide for 
street cars, buses and taxicabs. A drive- 
way loop at the ground level serves the 
heavy trucking. 

As the requirements for occupancy 
did not warrant a high or monumental 
building, it became necessary to adopt 
some lofty type of roof to give archi- 
tectural prominence to the city front 
of the building. In the general layout 
the main floor or concourse is level 
with the train concourse that spans the 


tracks, and a semicircular plan for this 
floor was selected as permitting the ar- 
rangement of the various station utili- 
ties along the curved sides converging 





A SEMI-DOME steel-frame roof is 
an unusual structural feature of the 
new union station at Cincinnati. 
Parallel arched trusses, largely of 
H-section members and of varying 
spans, are placed at different eleva- 
tions to fit the curved outline of the 
dome, while the highest and 
largest trusses carry a barrel-arch 
or cylindrical extension of the dome. 
This great station, built on filled 
ground in what was a waste-land 
section of the city, will serve seven 
trunk-line railroads with its 
twenty-two tracks (fifteen at pres- 
ent). Besides the $41,000,000 for 
the station and terminal, the several 
railroads will spend an aggregate of 
about $80,000,000 on alterations 
and improvements made in connec- 
tion with the new passenger and 
freight terminals. —Fditor. 





On account of this semicircular pla 
a truss-supported semi-dome roof was 
conceived as supplying adequate spa 
ciousness for the interior and an impos 
ing cylindrical or curved facade. 

In the structural design of this root 
the common arrangement of trusses 
radiating from a central hub was found 
impracticable: (1) no provision could 
be made for a continuous circular tie 
for the radial members owing to the 
shape of the interior space, partly ci 
cular and partly rectangular, with the 
center point of the radial members in 
an open space; (2) the restraining of 
considerable horizontal forward defle: 
tion at the crown transversely through 
the top of the high barrel-arch trus 
entirely open below, presented a prol 
lem with largely indeterminate factors ; 
it was not considered feasible to limit 
this by means of base anchorage of the 
arched radial members at the elevated 
position of their springing lines in the 
building; (3) the plan of the perimeter 
of the dome at the concourse floor level 
does not conform with any symmetrical 
arrangement of columns _ supporting 
radial ribs. 

After various alternative plans had 
been considered the structural design 
was fixed as a series of transverse, paral 
lel, barrel-arch trusses (not acting as 
arches), dividing the dome into seg- 
ments. This is the normal treatment 
for the combined structure, being stand- 
ard for the barrel arch or front portion 


Fig. 1—Cincinnati union station fronts on 

inclined approach. At right and left are 

entrances to three loops through the station 
for taxis, buses and street cars. 
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Fig. 2—Plaza approach to Cincinnati union 
station includes a park and provides for 
separation of vehicle traffic. 


and well adapted to the semi-dome at 
the rear, 

Unusual problems were presented in 
the working out of this structural de- 
sign. Arch construction could not be 
used. The structural springing line is 
some 90 ft. above the ground floor, and 
the maximum external span is about 
202 ft. for the dome and 209 ft. for the 
barrel arch. This is believed to be the 
largest half dome on any permanent 
building in the world. Except for the 
front portion, there is no opportunity 
for the necessary abutments or but- 
tresses; and even in the front portion 
the required restraint for arches of this 
magnitude would seriously restrict the 
interior spaces of the building. This is 
evident from the drawing of the dome 
framing (Figs. 4 and 5). 


Dome truss design 


For the above reasons the main roof 
members were ultimately designed as 
rigid trusses. 
of the maximum truss, based on the 
normal 18,000-lb. maximum fiber stress, 
it was found that the lateral deflection 
under final total loading would be about 
1 ft. While this would present no seri- 
ous problem in a bridge, it was obvi- 
ously impracticable in a_ building. 
Restraint of this lateral movement by 
means exterior to the trusses led to re- 
sults somewhat similar to those above 
mentioned in connection with the arch 
type and were likewise impractical of 
application in the unbraced ring at the 
rear of the dome. 

The reactive force was accordingly 
supplied in the truss itself, increasing its 


sections to the point where the maximum 
permissible thrust movement was. at- 
tained and confining the lateral displace- 
ment within the predetermined limit. At 
truss 3 (Fig. 5), the largest segment 
of the dome, this permissible movement 
was fixed at 3{ in., an amount estimated 
to be within the limit of danger of 
cracking masonry applied to the truss. 
It was further calculated that when the 
truss elongated this amount it would 
have sufficient rigidity to resist any 
further movement requiring econsidera- 
tion. To permit this stretch, all trusses 
were erected from fixed pin points at 
their north ends. Where the buttress 
support from the adjoining framing was 
insufficient to guarantee the immovabil- 
ity of the north pin of the truss, addi- 


In the preliminary design = 


tional temporary anchorage by means ©) 
steel cables and turnbuckles wa 
employed. 


Framing of dome 


There are eight of these trusses, wit! 
spans decreasing from 209 ft. for No. | 
to 67 ft. 8 in. for No. 8 (Fig. 4). Thei: 
spacing also decreases from 27 ft. fo 
the two larger front trusses to 11 ft. at 
the rear. In the front trusses of th: 
dome the chords are of built-up troug) 
section (truss 3, Fig. 5), receiving th: 
ends of the H-beam web members, so 
that no connection plates are required 
In the two rear trusses the chords and 
web members are of H-beams, with con 
nection plates (truss 7, Fig. 5). At 
their ends the trusses are built into the 
steel framing of the four-story flanking 
buildings, the top chord connection at 
one end being made with a pin in the 
top of a main column, except that no 
pin connection was needed for the short 
end truss, No. 8, which is of 67 ft. 8-in. 
span. Purlins and ceiling beams con 
nect the trusses, the purlins being in- 
clined to keep within the curve of the 
roof. Diagonal bracing is fitted between 
the top and bottom chords. 

Upon the roof framing is a 5-in. con- 
crete slab reinforced with wire mesh. 
This is covered with a three-ply fel’ 
waterproofing and then with ribbed 
terra cotta tile. The slab was poured 
in circular sections, beginning at the 
top. Each section was poured in both 
directions from the longitudinal center 
line, one end not being allowed to ad 
vance more than 10 ft. beyond the other. 
In this way the trusses were loaded 
equally. This same practice was _ fol- 
lowed with the domed plaster ceiling 
beneath the trusses. Live load, for wind. 
is taken as 25 Ib. per sq.ft. of horizontal 
projection. Dead load comprises 25 Ib. 


Fig. 3—Erecting parallel arched trusses of 

dome on movable steel towers as falsework. 

Each completed truss was supported on 

towers until the next following truss was 
also completed. 
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for the tile and 50 lb. for the concrete 
slab. Transverse radius of roof ranges 
from 104 ft. 5 in. at truss No. 1, and 
97 ft. 6 in. at No. 4, to 59 ft. 6 in. at 
No. 8; with corresponding ceiling radii 
of 86 ft., 84 ft. 3 in. (No. 4), and 33 ft. 
10 in. (No. 8). Longitudinal radius 
of the dome is 102 ft. for the roof and 
89 ft. 6 in. for the ceiling. 


Erection of dome framing 


The trusses were erected in sequence, 
beginning with No. 8 at the lowest and 
smallest segment of the dome. As this 
truss is substantially a part of the gen- 
; eral framing of the building, it required 
: no pin bearing or deflection adjustment 
as was necessary in the others. Port- 
able steel towers surmounted by jacks 
were employed to support the trusses 
) during erection, as shown under the 
right-hand truss in Fig. 3. (See also 
ENR, Feb. 4, 1932,. p. 190.) Two 
towers were used for the smallest truss, 
and the number was increased with the 
spans until five were used under the 
largest trusses. They were positioned 
to handle best the unit parts as fabri- 
cated, lined, plumbed and securely guyed. 
Throughout the erection the full com- 
plement of towers was always main- 
tained under the truss being erected 
and its immediate predecessor. The 
jacks were never released under a com- 
pleted truss until the next following 
truss was also completed, together with 
the roof and ceiling tiers and all inter- 
mediate bracing members. 

Each truss was fabricated short by the 
amount of calculated horizontal displace- 
ment due to its dead weight. The tops 
of the supporting colunins on the south 
ends (opposite the pin bearings at the 
north ends) were leaned out of plumb 
northerly to permit the connections of 
the shortened truss. This point of flex- 
ure of these columns is some 40 ft. below 
the pin, being at the first office floor, 
which is the seat or origin of the col- 
umns for the dome section. The columns 
for the barrel arch (Fig. 4) extend 
about 50 ft. farther down, to the ground 
floor. The flexing of these longer col- 
umns was accomplished at a moment 
splice near the first office floor tier. All 
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Fig. 4—Layout of steel framing for semi- 
dome roof of Cincinnati station. 


rear connections to the south columns at 
ends of trusses were temporary and were 
adjusted upon the release of the jacks 
under each truss, thereby permitting the 
columns to move southward toward 
their final plumb position. | When 
further loads were later applied, the 
final connection holes registered and 
were then riveted. 

Technically, the trusses end at the 
pin level, approximately at the 
floor. The downward extension of the 
bottom chords to the columns at about 
the second-floor level furnishes the nec- 
essary keying in with the surrounding 
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building structure and provides full re 
straint against any further lateral de 
flection due to weight of finish or future 
live loads. Progressive surveys were 
made of the completed work, and it was 
found that both crown deflections and 
lateral movements followed closely those 
anticipated in the calculations. One 
precaution in the design to provide for 
erection corrections proved unnecessary 
in practice. All roof and ceiling beams 
and the diagonal bracing between trusses 
were detailed with tolerance so that, if 


necessary, the trusses could be 


leaned 


Fig. 5—Arched trusses are composed largely 
of H-beams, although heavy built-up chord 
sections are required for the higher trusses. 
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slightly back of plumb in order that the 
natural forward push due to crown de- 
flection might leave them accurately 
plumb upon release of the jacks. As 
the erection progressed and each truss 
unit was rigidly riveted to its connec- 
tions with its predecessor, it was found 
that without further adjustments all sub- 
sequent trusses on erection were finally 
substantially parallel with the first pin 
truss, No. 7 (Fig. 5). 

As the out-of-plumb amounts _re- 
mained within allowable limits for the 
height of the vertical members, no 
further correction or adjustment was 
found necessary until the last truss, 
No. 1, was completed. The final ad- 
justment to bring the front wall struc- 
ture plumb was then made in the front- 
panel connections between truss No. 1 
and the wall. As indicative of the uni- 
formity of the load reaction on the com- 
pleted structure, no cracks have devel- 


Fig. 6—Special power tools were devised 
by the fabricator for reaming heavy chord 
members. 


oped in the large monolithic concrete 
envelope covering the entire roof area 
since the building was completed. 

These trusses, the heaviest weighing 
380 tons, were fabricated in sections and 
then assembled and reamed in the fabri- 
cator’s yard before shipment, to insure 
accurate alignment of rivet holes. 
Reaming the holes in the deep and heavy 
truss sections was done by radial drills 
and special power-driven reamers. In 
the chord at the maximum crown sec- 
tion the 14-in. rivets have 7-in. grip. In 
Fig. 6, a section of built-up top chord, 
laid on its side, is having the rivet holes 
in the web reamed by machines riding 
on the chord. At the left a special 
traveling reamer is reaming the holes 
in the coverplates. 

The main columns that support the 


Sewage Disposal Trends in New York 


Metropolitan Region 


NCREASINGLY rapid progress has 

been made in the last few years in 
the development of district or joint sew- 
age projects in the New York region, 
according to Geo. W. Fuller, who dis- 
cussed the subject at the recent joint 
meeting of the Central States Sewage 
Association and the Illinois Association 
of Sanitary Districts at Rockford, III. 
District bonds have not been issued; 
funds have come from county, inter- 
county, municipal or inter-municipal 
sources. An interstate commission has 
been formed on formal legal lines, the 
Tri-State Compact, which, however, is 
still to be ratified by two of the states and 
by Congress. Rental or service charges 
for sewers are now legal, made so by re- 
cent New York and New Jersey legisla- 
tion. These charges, which may cover 
operation, maintenance and at least part 
of capital carrying charges, are assum- 
ing increasing importance in municipal 


finance of sewage works in the region. 
Dilution is still the prevailing method 
of disposal, and great improvements 
have been made in the use of submerged 
multiple outlets far removed from shore. 
Fine screens are favored where there 
are long deep outfalls for the discharge 
of a highly chlorinated effluent and 
where they are assumed to be followed 
later by activated-sludge plants. 
Sedimentation in newer installations 
is accomplished chiefly by single-story 
tanks with the sludge removed by 
mechanical means. Digestion commonly 
takes place in separate sludge-digestion 
tanks provided with covers and ar- 
ranged for the collection and utilization 
of the gas. Contact beds and sprinkling 
filters are rarely if ever proposed for 
new projects in this region. Sand beds 
for filtration find their place chiefly in 
small plants on streams tributary to do- 
mestic water supplies and where state 
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trusses are composed of 14-in. H-beams 


with three coverplates, 16x1 in. to each 
flange. The component parts of the 
columns were tightly assembled and then 
spot-welded before the rivet holes were 


drilled. 


Designers and builders 


The structural designs for this station 
were prepared for the Cincinnati Union 
Terminal Co. (H. M. Waite, chief en- 
gineer) by the engineering department 
of Fellheimer & Wagner, architects and 
engineers, New York City, under the 
supervision of the writer. The shop 
details and fabrication of structural 
steel were done by the R. C. Mahon 
Co., Detroit, Mich., and the erection 
was handled by the Bass Construction 
Co., Cleveland, Ohio, as subcontractors 
for the James Stewart Corp., of New 
York, general contractors for the sta- 
tion building. 


authorities have required so-called com- 
plete treatment together with chlorina- 
tion to be followed by sand beds. 

Sludge from the sedimentation tanks 
at the Passaic Valley plant and at New 
Haven is barged to sea, and the same 
step has been provided for part of the 
sludge from the Wards Island plant now 
under construction. Vacuum filters for 
dewatering sludge are receiving active 
consideration for several projects in this 
region, although conversion of the filter 
cake into fertilizer is meeting unfavor- 
able commercial conditions. Incinera- 
tion of dewatered sludge is meeting with 
more and more general favor. 

Sewage-disposal betterments are still 
being retarded in this region by the re- 
quirement of the public health laws that 
state authorities have to prove actual 
injury rather than potential menace to 
the public health and property. This 
situation spells delay either through pro- 
crastination or the formalities of liti- 
gation in courts of original jurisdiction 
and appeals from the decisions thereof. 
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Providing an Elevator for 
Carlsbad Cavern Tourists 


Shaft through 754 ft. of rock makes national park 
cave easy of access by means of high-speed eleva- 
tor, which eliminates tortuous trail formerly used 


By Frank A. Kittredge and Walter G. Attwell 


Chief Engineer and Associate Engineer 


Te ELIMINATE a 750-ft. climb 
that formed an_ irritating but 
necessary part of a visit to the 
major features of the Carlsbad Cavern, 
Carlsbad Caverns National Park, 
N. M., the National Park Service has 
provided a passenger elevator by 
which tourists are taken to the main 
level of the cave. The elevator instal- 
lation will make this natural wonder 
accessible to a much larger proportion 
of the thousands of visitors who visit 
the park. During the year 1931 nearly 
100,000 tourists visited the cavern, but 
many of them were prevented from 
seeing the underground features be- 
cause of physical inability to climb the 
trail back to the surface. The elevator 
will make directly available 54 miles of 
level or slightly rolling trail leading to 
the main points of interest. The de- 
velopment consisted of providing a 
high-speed passenger’ elevator of 
modern design and safety equipment 
in a shaft drilled simultaneously from 
top and bottom through 754 ft. of rock 
to the main cavern level. 


Cavern 


The cavern in this national park, 
located about 26 miles from Carlsbad, 
N. M., contains the largest series of 
underground caverns ever explored, ex- 
tending through 50 miles of known 
chambers and corridors. It is quite 
certain that miles of unexplored 


Map of Carlsbad Cavern, showing location 
of elevator in respect to principal points of 
interest. 
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caverns lie near the elevator shaft, 
but they have as yet been undeveloped. 
In general, the rooms and formations 
are larger but similar to those in other 
limestone caverns, including fantastic 
designs as well as the usual stalactites 
and stalagmites. One of the major 
features is the Big Room near the 
lower entrance to the elevator, which 
is 4,000 ft. long and has a maximum 
width of 625 ft. and an average ceil- 
ing height of 200 ft. This room con 


Entrance to trail into cavern. The elevator 

now makes possible the trip for all those 

who before were physically unable to make 
the return climb. 
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tains 57 acres of floor area and could 
comfortably seat 500,000 people, or the 
entire population of the state. Another 
formation is the Giant Dome, 62 ft. 
high and 18 ft. in diameter containing 
a striking resemblance to the leaning 
tower of Pisa. Many of the more in- 
teresting formations are made visible 
and have their beauty enhanced by a 
system of indirect lighting 
Survey 


Location of the elevator shaft was 
dictated by the necessity for making 
the lower end accessible to the main 
trail and major formations. Selection 
of this point and the desirability: of 
sinking and raising the shaft at the 
same time necessitated an accurate 
survey up a circuitous trail to the 
surface. This survey was run in three 
independent traverses, with methods 
similar to usual mine-survey procedure 

The traverse line started at the bas 
of the elevitor-shaft location and ex- 
tended over cliffs through dark passage 
ways and tunnels to the mouth and then 
to the position of the top of the shaft 
Before starting instrument work, pet 
manent brass monuments were con 
creted into the solid rock at angle 
points and benchmarks. The engineet 





ing party rotated positions on the dif- 
ferent traverses to lessen the chance 
for repetition of error. Angles were 
turned four times with an ordinary 
mining transit, and verticle angles were 
read to the minute. All distances were 
chained on the slope to the nearest 
hundredth of a foot. Slope distances 
as measured were corrected for sag 
and a constant factor of temperature, 
since the air in the cave remains un 
changed at 56 deg. throughout the year. 
Outside the temperatures were about 
20 deg. when the surveys were made in 
January, and corresponding corrections 
were made. Completion of the shaft 
indicated a closing error of 0.02 ft. 
horizontally and 0.01 ft. vertically. 
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Working three shifts a day from top 
and bottom, driving operations were 
carried on without an accident and 
met 450 ft. below the surface. The 
shaft size was 6 ft. 10 in. x 14 ft. 3 in. 
inside the concrete lining. Blasting 
rounds consisted of 36 holes taking out 
an average lift of 5 ft. The 4,000 cu‘yd. 
of limestone excavated were removed 
with an average of 6 lb. of explosive 
per cubic yard without injuring any of 
the formations in the adjoining rooms. 
The rock consisted of limestone in 
horizontal planes and was badly eroded. 
Small passageways a few inches in 
diameter caused much steel to be 
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Isometric of new elevator layout and con- 
cession and office building in Carlsbad 
Caverns National Park in New Mexico. 


broken and many shots _ ineffective. 
This feature made drilling slow and 
costly. 


Shaft lining 


The shaft was lined with gunite 
varying in thickness from 4 in. to 
several inches. The lining is princi- 
pally to prevent weathering with pos- 
sible displacement of loosened frag- 
ments. The gunite was mixed in 
proportions of one of cement to three 
parts of sand, with 4 per cent of 
calcium chloride added to hasten the 
set. High-early-strength cement was 
used for the walls and for concreting 
the steel I-beams in place to permit the 
resumption of drilling below an hour 
later and because of the blasting oper- 
ations about 100 ft. below. 

The walls were washed with water 
under 125-lb. pressure immediately 
ahead of the guniting. The gunite was 
mixed at the surface and shot verti- 
cally a maximum distance of 750 ft. 
to the nozzles under pressure varying 
from 40 to 125 Ib. No segregation of 
material was noted, and rebound aver- 
aged about 20 per cent. Measurement 
of the quantity of gunite was made 
from the materials used, deducting the 








20 per cent of rebound. It was found 
impracticable to measure the volume of 
material on the surface because of 
irregularities. The elevator, house, 
shaft and guide construction are en- 
tirely fireproof, with guide-rail supports 
of I-beam sections set directly into the 
rock walls. 

The steel headframe is the center of 
a three-story shaft house. The first 
floor is occupied by the elevator land- 
ing, the second floor is used as a gen- 
erating room, and the third contains 
the machinery and controls. The roof 
will be used as an observation gallery, 
providing an unobstructed view for a 
distance of more than 200 miles to the 
south. The shaft house will be sur- 
rounded with a building containing lob- 
bies, concessions, lunch rooms and 
office. This building will be of In- 
dian Pueblo type of architecture and 
will be constructed during the year. 

A novel feature of this building will 
be the provision for natural heating, 
cooling and ventilation, using air from 
the cavern, which is always at a tem- 
perature of 56 deg. 

The elevator is of modern electric 
type with self-leveling cage carrying 


Typical cavern scene made available to all 
by new elevator installation. 
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twelve persons. It is planned to oj: 
ate at a speed of 700 ft. per minu 
One elevator has been installed at 1 
present time, and a second will 
added later in the other compartme: 
With the exception of a few of 1! 
elevators in the Empire State Buildi: 
the present installation is the long 
single-lift passenger elevator in t! 
world. The equipment contains 
automatic safety devices found 
usual building installations. 

The cost of the double shaft and o1 
cage was $88,292. The shaft-excav: 
tion contract was held by Charles |}! 
Dunning, Phoenix, Ariz. The elevat 
machinery was furnished by the Pacifi 
Elevator Equipment Co., San Fran 
cisco. The work was carried out un 
der the direction of the authors, and 
the installation of the elevator ani 
electrical machinery was under the 
supervision of Ira S. Stinson, assistant 
engineer, National Park Service 
Horace M. Albright is director of the 
National Park Service, and Thomas 
Boles is superintendent of Carlsbad 
Caverns National Park. 





Properties of Fiber Boards 


Wall boards and insulating boards, 
the two principal classes of fiber build- 
ing boards, have been studied at the 
Bureau of Standards. Tests were made 
on fifteen samples of wall boards and 
eight samples of insulating boards repre- 
sentative of the commercial products 
in common usage. Weight, thickness, 
density, strength, absorption of mois- 
ture, and changes in dimension with 
changes in moisture content were 
studied. There was no marked differ- 
ence in the strength of the different 
boards studied. The average thickness 
of wall boards was less than that cf 
insulating boards, but the density of 
the wall boards was greater, and the 
strength was approximately the same 
for both classes. There were no marked 
differences as regards absorption of 
moisture or changes in dimension with 
changes in moisture content, except that 
the crosswise expansion of the lami- 
nated or built-up boards was greater 
than that of homogeneous or one-piece 
boards. The difference in thermal con- 
ductivity between the various insulating 
boards has been found by previous work 
at the bureau to be small, and the aver- 
age wall boards are so thin and of such 
density as to be considered of relatively 
much smaller value as heat insulators. 
The results of laboratory tests of the 
various boards are tabulated, the test 
methods used are described, and the 
different properties considered impor- 
tant are discussed in detail in Bureau of 
Standards Miscellaneous Publication 132, 
purchasable from the superintendent of 
documents, Washington, D. C. 
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Investing Unemployment Relief 
in Civic Improvements 


By H. C. McClintock 


Director of Public Service, Boulder, Colo. 


UNEMPLOYMENT relief in Boulder, Colo., 
was confronted in the spring of 1931 with 
the charter tax limit reached and_ the 
inadvisability of creating a general-obliga- 
tion bond issue. The Boulder Employment 
Council of five citizens was organized to 
secure relief funds by popular contributions. 
This body handled all money, card-indexed 
applicants for work, kept the accounts, 
paid the workers and acted as an employ- 
ment agency for citizens having temporary 
employment to offer. There was no over- 
head cost, all accounting and clerical work 
being done by the unemployed. The only 
municipal aid was free use of tools and 
equipment. The unemployed listed num- 
bered 500. Employment was alternated 
on various schedules, and the rate of pay 
to all was $2.50 a day. Details of manage- 
ment were very carefully worked out but 
are not particularized, so as to allow 
emphasis in the article of the more impor- 
tant fact that all employment was for city 
improvement. —EDITOR. 


ARLY in the unemployment relief 
wee it was decided that any proj- 

ects undertaken should be worth- 
while, permanent public improvements 
for the benefit of the city at large. 
Since, of necessity, this relief work 
must be carried on during the winter 
months, suitable projects were hard to 
find. However, with suggestions offered 
by the Planning and Parks Commission 
and the various city departments, the 
projects undertaken have produced im- 
provements of such a nature that the 
citizens have received full value for the 
money they have contributed. 


Water supply improved 


Some improvements to the city water 
system have been planned for the spring 
months of 1932. This program was set 
ahead several months and started in the 
dead of winter. First, some 700 ft. of 
new 4-in. water main was installed, so 
that men could be working while a 
larger project was outlined and organ- 
ized. This project consisted of remov- 
ing 2,100 ft. of 4- and 6-in. water main 
and replacing it with 8-in. cast-iron 
pipe. The pipe thus removed was then 
disjointed and reclaimed for future use. 
Next, 600 ft. of 6-in. and 225 ft. of 2-in. 
mains were installed. This was fol- 
lowed by lowering 1,600 ft. of 6-in. main 
a depth of 3 ft. Since these projects 
were undertaken in cold weather, with 
all the difficulties attendant thereto, and 
since the crew was made up of inexperi- 
enced men and the personnel was 
changed every three days, the Employ- 
ment Council paid for half the labor. 


Buildings repaired 
The public library is built on a clay 
hillside, which is more or less saturated 
with seepage from an irrigation ditch. 
Due to this fact and also to insufficient 
footings, the front wall had settled, pull- 
ing away from the other walls and caus- 


ing unsightly cracks in the brickwork. 
The repair of this building was under- 
taken with unemployed labor. Substan- 
tial braces were placed against the out- 
side of the wall, and underpinning was 
placed under the footings. Excavation 
was then made to a depth of 4 ft., and 
a new concrete footing 8 ft. wide and 
40 ft. long was poured. After the con- 
crete had set and the braces and under- 
pinning had been removed, the brick 
and stonework was repointed. 

Boulder is located at the very edge 
of the foothills of the Rocky Mountains 
and owns thousands of acres of moun- 
tain park lands in the immediate vicinity 
of the city. At one location on this 
land a stone shelter house had been 
erected in 1924. This building has been 
in need of repairs and alterations for 
some time, and as there were some stone 
masons on the list of unemployed who 
were willing to work at their trade 
at the prevailing wage, they were put 
to work on this building. The fire- 
place, which did not work satisfactorily, 
was taken out and a new one built. The 
stone wall was removed from the south 
end of the building and the north end 
was closed, thus affording a wonderful 
view to the south end and _ providing 
protection from the north. This shelter 
house has been quite inaccessible to 
motorists, so a new road, leading to the 
building, was constructed by hand with 
pick and shovel. A well some 20 ft. in 
depth was dug to the south of the house. 
lined, and a pump was installed, pro- 
viding an amply supply of water for 
picnickers. 


Boulder Creek improved 


Boulder Creek flows through the 
center of the city from the west to east 
city limits. It is a source of potential 
beauty. For fifteen years the Planning 
and Parks Commission has been pur- 
chasing the property along this stream 
with the view of beautifying it. With 
unemployed labor the creek banks have 
been cleaned for a distance of three city 
blocks, the underbrush has been cut 
out, and riprap walls have been built 
along each bank for neatness of appear- 
ance and protection from erosion. This 
spring a systematic plan for planting 
native and specimen trees and shrubs 
was carried out. 

This creek, like all mountain streams, 
is subject to flood periods, and although 
no serious floods have occurred since 
1894, flood protection has been receiv- 
ing consideration for many years. At 
one point in the west part of the city 
a sand pit was constructed many years 
ago, necessitating an abrupt bend in the 
creek bed and producing a decided flood 
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menace. A few years ago this prop 
erty was purchased by the city to alle 
viate this condition. Having the labor 
furnished by the Employment Council 
this winter, the work was put under 
way. It was not practicable to do all 
the work by pick and shovel, but as 
several of the men who registered with 
the council owned teams, they were 
hired at the rate of $5 per day for man 
and team. With this kind of a crew a 
channel 40 ft. wide was cut through the 
upper and lower banks of the pit, and 
a dam was built across the old channel, 
providing a straight course for the 
stream. Since we did not wish to lose 
the scenic value of the pond formed 
by the pit, a headgate of concrete and 
3-in. plank is being constructed in the 
lower channel to retain the pond. In 
case of flood the plank may be removed, 
permitting an unobstructed flow of the 
stream. The banks of the new channel 
were riprapped with stone, and inci 
dentally an unsightly house foundation 
was razed and the material used for 
riprapping. 


Recreation projects 


Beauty was added to that of nature in 
Bluebell Canyon south of the city in 
the mountain parks. Two dams were 
built in the canyon, and thus two small 
lakes were created. The natural growth 
of trees, plants and shrubs will be aug- 
mented with additional planting in con- 
formity with a plan furnished by S. R. 
DeBoer, consultant landscape architect 
for the city. Trails have been con- 
structed along the shores of these lakes 
leading into a beautiful rugged moun- 
tain district. 

A shelter house has long been desired 
at the summit of Flagstaff Mountain, 
another section of city park land. One 
crew of men at this location removed 
large stones from the roads and _ park- 
ing areas and piled them at the site of 
the proposed shelter house, to be ready 
for use when construction is undertaken. 

Boulder is proud of her ownership 
of the best night soft-ball diamond in 
the state of Colorado, which was opened 
last summer. The sport proved very 
popular, the bleachers providing seating 
capacity for only a small minorty of 
the spectators. Consequently this winter 
another section of bleachers with seat- 
ing capacity for 350 people was erected. 
The new and old bleachers and the fence 
along the base lines were painted. 


Organization 


With 40 to 60 men working on these 
various projects, it was necessary to 
create several crews. Foremen for each 
of the crews were selected from our 
regular street and water department 
forces, their wages being paid by the 
city. The work was directed by J. J. 
Morse, water superintendent, Charles 
Gustafson, street superintendent, and 


John Mills, park superintendent, under 
the supervision of the author as director 
of public service. 








Design of Highway Guard- 
Rail Dictated by Tests 


Results of tests of four types of guard-rail— 
Motion-picture camera an invaluable test aid—Tests 
point to a definite design theory and structural 
type—Other safeguards often superior to guard-rail 


By Searcy B. Slack 


State Highway 
Ga. 


Bridge Engineer, Board 


Georgia 
Atlanta 


THE EAkLyY conception of the guard-rail on 
highway embankments was that it served 
chiefly the purpose of a warning sign. 
Textbooks of comparatively recent date 
speak primarily of its psychological value 
and stress the importance of its high visi- 


bility. These are still elements of the 
guard-rail problem, but the thought of 
highway designers is fast turning away 


from consideration of the guard-rail pri- 
marily or even in moderate degree as a4 
danger sign. Its essential purpose is held 
to be moderation of accident hazard, first 
by preventing overrunning of the embank- 
ment by a wild car, and second by guiding 


the colliding car back onto the traveled 
path with minimum shock to the car and 
the occupants. This is the design concep- 


tion presented so excellently 
that follows. It will be 
test results and design 
directly away from much modern guard- 
rail construction practice. They therefore 
invite wide consideration and comment by 
highway designers. —E:DIToR. 


ELIABLE information as to the 
behavior of the various types of 


guard-rails under impact is rather 
meager. Comparatively few tests have 
been made, and reports from accidents 
are so scanty of detail and conflicting 
that it is difficult to draw conclusions. 
To secure first-hand information, field 
tests on several types of guard-rails 
were undertaken by the state highway 
board of Georgia. 


in the article 
observed that the 
conclusions lead 


Description of tests 


The tests made in Georgia were con- 
ducted by the construction of a runway 
about 400 ft. long on a 9 per cent grade 
built in such a way that vehicles re- 
leased along the runway would be 
guided into a section of the guard-rail to 
be tested. By releasing the vehicles at 
different points along the runway it was 
possible to vary the speeds of the 
vehicles, at the time of impact, from 15 
to 25 miles per hour. The vehicles used 
were touring cars weighing 3,500 Ib., 
a truck weighing 14,000 Ib., and a bus 
weighing 10,800 Ib. empty or 16,300 Ib. 
loaded. 

The guard-rails to be tested were 
built across the lower end of the run- 
way at known angles with the center line 
of the runway. The earth in which the 
posts supporting the guard-rail were set 
was a stiff red clay containing 50 to 
60 per cent sand, and it gave excel- 
lent support to the posts. The posts were 
spaced so that the center line of the 
runway passed midway between two 
posts. The angle between the runway 





and the guard-rail was either 20 or 40 
deg., and tests on all types were made 
at both angles. The types of guard-rail 
tested were: 

1. Woven wire and expanded metal 
fencing. In this group were included 
2x2-in. mesh wire, 6-gage, 2x4-in. mesh 
wire, 4-gage, 2x5-in. expanded metal 
fencing, and 6-gage 2x2-in. mesh wire, 
with an 18-gage deflecting plate 8 in. 
wide fastened along the lower edge of 
the wire. The posts for this group were 
of 6x8-in. pine timber, 7 ft. long, set 33 
ft. in the ground. 

2. A low wooden rail consisting of a 
4x8-in. creosoted timber bolted to 
6x8x6-ft. wooden posts spaced 10 ft. 
apart set 4 ft. in the ground. To the 
face of the wooden rail was bolted a 
16-gage steel plate. 

3. Two #-in. steel cables fastened by 
j-bolts to 6x8-in.x7-ft. pine posts set 
4 fit. in the ground and 10 ft. apart. The 
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cables were anchored securely at « 
end to heavy timber deadmen. 1 
cables were offset from the posts aly 
3 in. by wooden blocks. 

4. Steel-plate-type rail. This 
consisted of a 16-gage plate 12 in. \ 
fastened by 3-leaf cup-shape spring: 
6x8-in.x6-ft. wooden posts spaced 16 
apart, and the springs were fastened 
the posts with 3-in. bolts. 

The speed of the vehicles at the ti: 
of the impact was determined by tim: 
with a stopwatch the travel over t! 
last 50 ft. before impact. The speed \ 
also checked by noting the number 
frames of moving-picture film requir: 
for the vehicle to pass a row of stak: 
set at 5-ft. intervals parallel to the rm 
way. The time interval between 1! 
frames of the moving-picture came: 
was checked by taking a picture of 
clock with a large second hand. B 
counting the number of frames require: 


-for a given travel distance the speed o: 


the vehicle could be estimated. 

Moving pictures of the tests wer 
made by two cameras, one of which wa 
placed at right angles to the directior 
of travel, and the other placed behind 
the’ guard-rail. The best informatio 
on what happened during the tests was 
obtained by a careful study of the mov- 
ing pictures. 


Summary of results 


Based on the results secured from 
22 impacts, the following general con- 
clusions as to the design of the guard- 
rail were drawn: 

1. Wooden posts 6x8-in., set 4 to 5 ft. 
in the ground, give excellent support to 
the guard-rail. Only two posts were 
broken in the 22 tests that were run. 
There is apparently little difference be- 
tween the resistance of the posts set with 
the 6- or the 8-in. side toward the 
roadway. 


Fig. 2—Runway and cable-type guard-rail 
after impact by truck. Note how truck 
knocked down two wooden posts and tore 
free the J-bolts fastening the cables. One 
wheel passed under the upper cable. 
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Fig. 3—Plate-type guard-rail after impact 
by bus. Note how the bus was deflected. 


2. To be effective, the rail between 
the posts must be sufficiently strong to 
resist the impact and to transmit the 
force of the impact to several posts. 
Unless several posts act together they 
are not sufficiently strong to deflect the 
vehicle. The rail should be fastened to 
the posts securely and should be offset 
from the posts to allow a vehicle to glide 
by without striking the post. 

3. A type of rail that will deflect the 
vehicle, without entangling, as well as 
transmit force to several posts, seems to 
be the most effective. The deflecting 
element should be fairly smooth and free 
from projections that would damage the 
vehicle gliding along the rail. 


Design problem 


The ideal guard-rail would be a 
highly visible rail, not prone to cause 
snowdrifts, which would in an emer- 
gency deflect a vehicle back into the 
road with a minimum of damage to the 
vehicle and rail. Note that the sug- 
gested function of the guard-rail is to 
deflect the vehicle rather than stop or 
check the speed of the vehicle. If a 
guard-rail should stop a vehicle going 
at a high rate of speed within a distance 
of 1 or 2 ft., the damage to the vehicle 
and the passengers would be about the 
same as if they went over the embank- 
ment. In addition to this, such a 
tremendous strength would be required 
to stop or check the kinetic energy of the 
fast-moving vehicle that it would be. im- 
practicable to build a rail to meet such a 
requirement. 

The vehicle consists, essentially, of a 
load supported on four wheels. The 
diameter of the wheels varies from 24 
in. to as much as 40 in. for the larger 
trucks. The wheels are designed to 
carry the load and to check the speed 
of the vehicle, and they are securely 
fastened to the chassis through the 
springs. The guard-rail would, there- 
fcre, function best against the wheels 
or bumper of the vehicle and would do 
least damage to these parts. Any part 
of the guard-rail striking above the 
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Fig. 4—Mesh-type guard-rail after impact 

by touring car. Note how back end of 

touring car swung around, heading the car 
against the post. 


wheels would not be effective in deflect- 
ing the vehicle until it had good bearing 
against the body, hood or radiator of the 
vehicle, all of which are rather easily 
crushed. 

Fig. 1 shows a vehicle supported on 
four wheels striking a guard-rail. The 
wheels are represented by letters 4, B, 
C and D. The center of gravity of the 





vehicle is at some point G lt wheel 


strikes the guard-rail and the guard-rail 
tends to slow up the speed of the vehicl 


] 


a moment is developed tending to head 


the car more into the guard-rail. The 
moment will be represented by the 
amount wheel B is retarded by the 
guard-rail multiplied by the distances 
trom the center of gravity of the vehick 
to the guard-rail. The direction of re 
tution would be as shown by the arrow 
in case 1. On the other hand, if wheel 
B is not retarded by the guard-rail but 
elides along the face of the rail, the re 
action tends to turn the car parallel t 
the guard-rail, and the direction of r 
tation of the car would be in the dire: 
tion of the arrow in case 2 
From the above it will be seen that 

euard-rail that will not entangle th 





vehicle but will permit it to slide tree! 
along the face of the rail will give the 
best results. The height of the guard 
rail should be such that it would be 
engage the wheels of the vehicle. If th 
lower edge or element of the rail 
placed about 13 in. above the ground 
and the upper edge or element of th: 
rail is placed from 24 to 27 in. above th« 
Fig. 5S—Low wooden guard-rail with metal 
faceplate after impact by car. Note how 


car was decilected without any damage to 
the guard-rail. 


Ld =x. 
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ground, the rail would the 


wheels to best advantage. 


engage 


Support for guard-rail 


The support for the guard-rail should 
preferably be resilient and _ strong 
enough to withstand reasonable shock 
from a vehicle passing along the guard- 
rail. Concrete posts, although reason- 
ably permanent and highly visible, are 
not resilient; and if struck by a vehicle, 
they would either break at the ground 
line or cause considerable damage to the 
vehicle. Wooden posts are resilient, 
and when struck by a vehicle they will 
frequently be knocked entirely out of the 
ground by the vehicle without great 
damage to the posts or the vehicle. The 
tests that were made indicated that 6x8- 
in. wooden posts set 4 to 5 ft. in the 
ground afford excellent support to the 
rail. 

Either wooden posts should be of a 
very durable species of timber or they 
should be treated to prevent decay. Sev- 
eral types of steel posts are available, but 
the author has not first-hand information 
on this kind of post. 

The distance between the posts will 
vary with the type of rail. The spacings 
used in the sections tested were 10 ft. 
for the wooden rail and cable and 16 ft. 
for the plate-type rail. The tests 
indicated that these spacings were 
satisfactory. 


Rail element 


The rail between the posts has been 
the subject of much controversy, but it 
would appear that several types of con- 
struction can be used effectively. 

If wooden rail is used, it should con- 
sist of fairly heavy timber, not less 
than 4x8 in. or 4x10 in. in section, and 
the face of the wooden rail should be 
protected by a metal plate that is 
fastened at frequent intervals to the rail 
by flat or round-headed lag screws or 
carriage bolts. The metal plate will pre- 
vent the hub or bumper of the vehicle 
from digging into the rail, and it affords 
a smooth gliding surface for the vehicle. 
The plate gives tensile strength to the 
rail and will serve to hold broken ends 
of the rail together. There are numer- 
ous accounts of accidents with wooden 
guard-rail in which the rail has been 
broken and has been forced into the 
vehicle, with fatal results in many cases. 
If the wooden rail is bolted at close in- 
tervals to the steel plate, it does not 
seem likely that such an accident would 
occur. 

There are several types of rail on the 
market in which the rail element con- 
sists of a steel plate. This type of rail 
should prove very effective provided the 
steel plate is strong enough and is se- 
curely fastened to the posts, preferably 
through a spring element. The plates 
should be offset from the posts by the 
springs or other means, so that the 
vehicle can glide by a post without strik- 
ing it. Too much emphasis cannot be 
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placed on working out details of 
fastenings that will really develop the 
strength of the steel rail element. Tests 
should be made on these fastenings and 
connections, as the computed strength of 
connections in thin metal is uncertain. 
This is the defect in most designs of 
this kind. 

In the usual construction of cable- 
type rail one of the most common errors 
in design has been the height at which 
the cables were placed. The usual design 
requires the cables to be placed 15 to 18 
in. above the ground and from 15 to 18 
in. apart. This places the cables rather 
far apart, and one of the cables is above 
the center of gravity of the average 
vehicle. If the lower cable were placed 
12 to 13 in. above the ground, and the 
upper cable placed 12 to 13 in. above 
the lower cable, the cables would be 
placed so that the lower one would be 
just a little below the hub of the aver- 
age vehicle, while the upper one would 
be below the top of the wheel. The least 
damage would be done the vehicle if the 
cables were spaced so that they would 
not strike any part of the vehicle except 
the wheels and fenders. Also maximum 
strength from the cables would be ex- 
pected, as they would be engaged on the 
same part of the vehicle and would act 
together. With the cables spaced 
widely apart, the lower cable generally 
strikes the wheel just above the hub, 
while the wheel passes under the upper 
cable, and it must engage some other 
part of the vehicle. 

The usual fastening used on cable- 
type rail is a J-bolt that fastens the cable 
to the posts, generally through a cast- 
iron or some other type of block serv- 
ing to offset the cable from the posts. 
In this construction the strength of the 
cable is not developed by the fastening 
to the posts. The J-bolt will develop 
only a strength of from 800 to 2,000 Ib. 
(depending upon how tightly it is 
drawn up), and this does not represent 
the strength of either the post or the 
cable. The J-bolt projects beyond the 
face of the cable. and if a vehicle glides 
by the J-bolt, it knocks out the bolt or a 
part of the vehicle. A better type of 
fastening would be a spring or a block 
that would offset the cable 4 to 5 in. 
from the post and would cover only the 
back two-thirds of the cable but would 
grip the cable so as fully to develop the 
strength of the cable in the fastening. 
This would leave a smooth surface on 
which the vehicle could glide by the 
posts and would put the posts into longi- 
tudinal as well as lateral play. Too much 
emphasis has been placed on the end 
anchorage of cables, and too little atten- 
tion has been given to fastening ef- 
fectively the cables to intermediate posts. 
Because of their closeness to the point 
of impact the intermediate posts must 
generally exert the force to deflect the 
vehicle. 

The discussion in this paper has been 
limited to three of the simpler and more 
generally used effective types of rail. 


The same underlying principles of 
sign may be applied to any type of rai! 


Maintenance 


From the standpoint of maintenan 
the rail element of the guard-rail shou! 
show a surface that can be easil: 
cleaned and painted and should be o 
such construction that a light impac: 
from a vehicle would do no damage t. 
the rail other than scrape off the paint 
In the types of rails that are made up 0: 
bent, cupped or corrugated plates th: 
rails are easily bent out of shape by 
light impact and cannot be readily 
straightened so as to present a neat ap 
pearance. This necessitates replacing 
an entire panel of rail, even though the 
rail was only slightly damaged. The 
cable-type, simple wooden rail an 
metal face plate or flat steel plate 
afford easily painted surfaces and are 
of such construction that they will not be 
easily damaged by a light impact, and 
even though bent they can be 
straightened in the field. 


Limitations of use 


Guard-rail is essentially a provision 
for safety, and any discussion would not 
be complete unless attention were called 
to the objections to guard-rail and to 
other types of construction that perhaps 
afford equal safety under = many 
conditions. 

Among the objections to the use of 
guard-rail are that it adds to the main- 
tenance cost and prevents maintenance 
of the shoulders by machinery. It also 
prevents mowing weeds or cutting grass 
out to the shoulder line with a mowing 
machine. The guard-rail restricts the 
use of shoulders for parking or traffic 
purposes in cases of emergency. 

In many places the slopes can be flat- 
tened or the width of shoulders can be 
increased so as to provide additional 
safety for traffic without the use of 
guard-rail. For example: at the current 
prices for earth embankment and for any 
of the usual types of guard-rail the 
slopes of an embankment 8 ft. high 
could be flattened from 1 on 14 to 1 on 
3 somewhat more cheaply than a guard- 
rail could be built. The width of the 
shoulders on the 8-ft. fill could be in- 
creased by 7 ft. somewhat more cheaply 
than guard-rail could be constructed. 
Either flattening the slopes or increas- 
ing the width of the shoulders is much 
safer construction than guard-rail in a 
great many places. 


Summary 


Guard-rail should be of such con- 
struction that it will deflect vehicles by 
allowing the vehicle to glide along the 
face of the rail. 

The height of the rail should be such 
that it will effectively engage the wheels 
of the vehicles. 

Consideration should be given to 
other methods of protecting traffic at 
dangerous sections of the highway. 
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Cast-Iron Pipe for Columns 
and Column Cores 


Test of centrifugally cast pipe as columns 
and as hollow cores in reinforced-concrete 
columns 42 to 105 in. long show high strength 


ECENT TESTS of columns of 

cast-iron pipe made by the cen- 

trifugal process are said to be the 
first tests of cast-iron columns in this 
country for more than thirty years. 
They were made to verify the claim that 
such pipe is specially suitable for 
columns because of the density of metal 
and the uniformity of wall thickness. Of 
twenty pipes, ten were tested as columns 
and ten as cores in reinforced-concrete 
columns. 

All the pipes were 4.2 in. in inside 
diameter and 0.3 in. thick, with a sec- 
tional area of 4.3 sq.in. Eight columns 
(A in the accompanying table and draw- 
ing) were of pipe alone, 56 to 105 in. 
long; two (B) were of pipe filled with 


Columns tested for comparative strength. 

A, cast-iron pipe; B, pipe filled with con- 

crete; C, hooped concrete with pipe core; 
D, hooped solid concrete. 


concrete; and ten (C) were of hooped 
concrete with the pipe as a core. For 
comparison, two solid reinforced-con- 
crete columns (D) were tested. Only the 
longer columns are included in the table, 
except for the solid column and a com- 
parable cored column. The cored and 
solid concrete columns were octagonal 
in section, 74 in across opposite sides, 
with three 3-in. vertical bars and a 


spiral hooping of No. 12 wire. The 
pipe, bars and spiral represented 21.1, 
1.9 and 1 per cent, respectively, of the 
cross-sectional area within the hooping. 
Gravel concrete of 1:14:24 mix was 
used, with 6 gal. of water per bag of 
cement. The columns were 23 days old 
when tested. 

To determine the load carried by the 
cast iron in the cored columns, the 
hooped concrete was assumed to have a 
strength of 7,000 Ib. per sq.in., as stated 
in the report. Then the 20.4 sq.in. area 
of concrete carried 143,000 Ib. plus 
13,000 Ib. for the three vertical bars, 
or a total of 156,000 Ib. The difference 
between this load and the ultimate load 
was considered as the load carried by 





the core. This load for the pipe cores 
is about 50,000 Ib. per sq.in., or slightly 
more than that for the pipe columns and 
agreeing closely with tests made by the 
U. S. Bureau of Standards, noted in 
Engineering News-Record, Feb. 13, 
1930, p. 278. Total compression at 
ultimate load was about } in. in the 
70-in. pipe columns and x in. in the 
cored columns. 

For the plain cast-iron pipe columns, 
A, the ultimate loads ranged from 
201,000 to 217,000 Ib., or 46,800 to 


TESTS OF CAST-IRON AND CONCRETE COLUMNS 


Cross-Sec. Area 


Column Spiral 








Reinf. 
Length, | Cast Iron, | Concrete, . 
Type | “In. Sq.In. Sq.In. Sq.In. 
A 70 4.3 None | 
A 84 4.3 None | 
A 105 a2 None 
B 105 4.3 13.8 
Cc 70 4.3 20.4 0. 385 
Cc 84 4.3 20.4 0.385 
Cc 105 4.3 20.4 0. 385 
Cc 42 4.3 | 2.4 0.385 
D 42 None 38.5 0.385 








Ave. ult. load, 1,000 Ib. 








bar es 

einf., L/R & 

8q.Ia. | Total ontul al 

| 44 213.5 49.6 
52 201.5 46.8 
66 205.5 | 47.7 
66 266.5 | 47.7 

T/D | 

| om] 10 368.0 49.2 

a 12 372.5 50.3 

ie * 15 353.0 49.9 

633 6 369.0 49.5 

2s 6 304.5 











A, cast-iron pipe columns. B, pipe columns with concrete filling. ©, hooped concrete columns with cast- 


iron pipe cores. D, solid-hooped concrete column. 


>> 
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50,300 Ib. per sq.in., showing a high de 

gree of uniformity. For the concrete 

filled pipes, B, the ultimate load was 
266,500 Ib., as against 205,500 Ib. for 
plain pipes of the same length. The 
solid concrete columns, D, showed hig] 
strength, failing at 285,000 and 324,000 
ib. For the cored columns, C, the ulti- 
mate loads ranged from 338,000 to 
400,000 Ib. In only one case were the 
pipe and the spiral broken; this column 
had failed at 378,000 Ib., but the load 
was continued until the spiral was burst 
and the column had 1}-in. deflection in 
its 84-in. length. The pipe was not 
broken transversely but had two splits 
for nearly its full length. 

These tests were made at the Armour 
Institute of Technology, Chicago, under 
the direction of Prof. Huntley, for 
James B. Clow & Sons, manufacturers 
of the pipe. L. J. Mensch, civil engi 
neer, Chicago, planned the series oi 
tests and supervised the construction 
and testing of the columns. 


Straits of Gibraltar Tunnel 
Scheme Revived 


The longest submarine tunnel in the 
world, connecting the continent of 
Europe and Africa at the Straits oi 
Gibraltar, is once again being projected 
this time with the backing of the new 
government of Spain. The shortest 
possible distance between the two shore 
at the Gibraltar Straits is more than 6} 
miles. This would mean that the tunne! 
itself would have to be nearly 7 miles 
long at a minimum and also entirely 
under water. 

The agitation in favor of a tunnel 
beneath the Straits of Gibraltar began 
many years ago, when French and 
Spanish capitalists saw the advantages 
that such a project would give their 
nations. Spain is interested because the 
tunnel will bring her closer in contact 
with her African colonies. France is 
interested because of the railroad tunnel 
would shorten the distance between 
Paris and South America. Passengers 
could travel from Paris to West Africa 
in three days, and in thé future cross 
to South America by airplane, shorten- 
ing greatly the time now required by the 
fastest boats. 

As early as 1920 a committee was 
formed in Barcelona to study the pos- 
sibilities of the Gibraltar tunnel. In 
1929 the Spanish government appro- 
priated 3,500,000 pesetas (about $500,000 
then) for preliminary surveys. Under 
Lieut.-Col. Pedro Jovenois and a corps 
of engineers the depths of the strait 
were sounded, preliminary rock borings 
made, and a possible tunnel was mapped 
out between Tarifa, Spain, and Alcazar, 
Spanish Morocco. Work was aban- 
doned in January, 1930, when the origi- 
nal appropriation was expended. Sinc« 
that time nothing has been done. 








828 


Suspension Bridge Stresses 
Determined by Model 


Application of model study at Princeton University to the 
Mt. Hope bridge gave results so close to analytical design 
values that model analysis was adopted for preliminary and 
check design of the Trans-Bay bridge at San Francisco 


By George E. Beggs, Elmer K. Timby and Blair Birdsall 


Princeton University, Princeton, N. J. 


Mope. Stupy of suspension bridges, untried 
three years ago, has already proved in- 
valuable during development of designs for 
the projected crossing between San Fran- 
cisco and Oakland in California. It was 
also used in solving some of the erection 
problems on the Hudson River bridge at 
New York. These applications were based 
upon procedure developed at Princeton Uni- 
versity, using a model of the Mount Hope 
bridge. In the following article the Mount 
Hope bridge-model studies are described in 
detail. The San Francisco bridge tests 
followed the same procedure, except that 
wind loads were simulated, while only 
dead and live loads were considered on the 
Mount Hope model. This article then may 
be considered as presenting the science of 
suspension-bridge model testing as it exists 
today. —ED:TOR. 


ECHANICAL solution of the 
live-load and temperature 

stresses and deflections of a sus- 
pension bridge by means of a steel model 
was first carried out, so far as the au- 
thors are aware, in the spring of 1930 in 
the engineering laboratories of Prince- 
ton University. The Mount Hope 
bridge in Rhode Island, built during the 
preceding year, was chosen as an ex- 
ample, inasmuch as very complete de- 
sign results, arrived at by using Mois- 
seiff’s deflection theory, were available 
from D. B. Steinman, the designer. The 
results obtained from the mechanical 
solution not only led to the conclusion 
that models of proposed suspension 
bridges may be used for the. prede- 
termination of stresses due to live load, 
wind and temperature, but also revealed 
that the usual theory (which assumes 
all suspender stresses to be equal for 
any condition of live load and *tempera- 
ture and assumes zero elongation of the 
suspenders) gives results for cable 
stress and bending moments in the stif- 
fening truss that are slightly in error. 
Following the successful conclusion of 
the experiments at Princeton, the first 
job application of suspension-bridge 
model analysis was carried out last sum- 
mer for the engineers of the California 
state highway department, to assist 
them in selecting a design for a suspen- 
sion bridge between San Francisco and 
Goat Island as a part of the Trans-Bay 
bridge to Oakland. The work was car- 
ried out at Berkeley under the direction 
of one of the authors (Professor Beggs) 
and Prof. R. E. Davis, of the Univer- 
sity of California. Test procedure, 


scale of model and results sought were 
similar to those in the 


Mount Hope 








bridge model studies. On the other 
hand, the San Francisco models were 
larger, and multiple-span as well as 
single-span arrangements were ex- 
amined; there were also minor differ- 
ences in the make-up of the models, 
occasioned by differences in the design 
of the two bridges. 

Because the Mount Hope bridge tests 
were basic, and as they differ only in 
detail and not at all in degree of accu- 


Fig. 1—Mode! of 1,200-ft. span Mount 
Hope suspcasion bridge, with dead-load 
weights atta hed co the suspenders and live- 


load weights resting on the floor. Towers 

and cable bents are made of steel plates, 

mounted on two cone points. Temperature 

effects are simulated by moving the anchor- 
ages horizontally. 


racy of results from the more recent 
Trans-Bay bridge tests, this article will 
be confined largely to the earlier ex- 
periments at Princeton. With the ex- 
ception of brief reference to the scope 
of the Trans-Bay bridge model tests 
(ENR, July 16, 1931, p. 113, and Sept. 
10, 1931, p. 428), this article represents 
the first published account of this de- 
velopment, introduced in 1930 and since 
subjected to some refinement. 


Mount Hope bridge 


The Mount Hope bridge, for which 
the model was constructed, was de- 
scribed in Engineering News-Record, 
April 12, 1928. It has a 1,200-ft. sus- 
pended main span, 504-ft. suspended 
side spans, and a roadway, including 
sidewalks, about 32 ft. wide. The cable 
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sag in the main span is 120 ft. 1 
assumed loading for’the floor syst 
was three lines of 20-ton trucks spac: 
33 ft. on centers, plus 30 to 37 per ce: 
impact; for the trusses, three lines 
15-ton trucks spaced 33 ft. on center: 
and for the cables, 750 Ib. per line 
foot, plus 2,700 Ib. dead load. The ste 
towers, 284 ft. high above mean lo 
water, are of the fixed-base flexible ty; 
and each consists of two eight-compart 
ment cellular posts. The stiffenin 
trusses are 18 ft. deep and discontinuou 
at the towers. Expansion in the stiffe: 
ing trusses is provided for by rocke 
connections on the towers. 


Principles of model analysis 


The problem was to design and con 
struct a loaded model from which th 
stresses, strains and deflections of th: 
full-sized structure might be predicted 
Inasmuch as the magnitude of the de 
flections of a suspension bridge create- 
a new system of equilibrium for each 
condition of loading and temperature, it 
was realized at the outset that the model, 
deflected by loads or temperature, must 








be geometrically similar to the struc 
ture under corresponding conditions. 
In other words, the model and the struc- 
ture must have the same unit strains. 
It remained to derive a simple formula 
for calculating the model dimensions 
and loads in terms of the corresponding 
values for the structure and the linear- 
scale reduction factor, designated by 
the letter 7. 

Live-Load Stresses—lt any particu- 
lar member of the structure has a cross- 
section A and is subjected to a total 
stress S, due to loads P on this structure. 
the area of the corresponding model 
member will be A/n’*, and the model 
loads must be reduced to P/n’, 

Temperature Stresses—One method 
of accounting for the temperature 
strains, stresses and deflections of the 
large structure caused by a rise in tem- 
perature is to state that the structure 
is deformed and stressed in its effort to 
become larger than the foundation sys- 
tem supporting it. It is evident, as 
commonly assumed in developing theo- 
retical formulas for temperature effect, 
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Fig. 2—Steps followed in proportioning a 
suspension bridge model. Two reduction Ke 


factors, » and m, are used, the first equal 
to 100 (in this case), and the second m, 
so chosen that a commercially available 
size of music wire results. The same fac- 
tors are applied to the actual bridge loads. 


that strains, stresses and deflections 
equivalent to a temperature rise would 
result by reducing the size of the foun- 
dation system in every direction in such 
proportion as would conceivably occur 
if a steel foundation system contracted 
freely with falling temperature, while 
the supported steel structure remained 
at a constant temperature. 

To produce (for rise of temperature ) 
the equivalent unit strains and stresses 
and geometrically similar deflections in 
the model as in the structure, it is only 
necessary to move each foundation sup- 
port of the model in a straight line 
(horizontal or inclined) toward a com- 
mon reference point by an amount equal 
to ctl, where c equals the coefficient of 
expansion (for steel), t equals degrees 
rise (60 deg. F.) in temperature, and / 
equals the straight-line distance from 
any model foundation support to the 
selected point of reference. For simu- 
lating fall of temperature the procedure 
is reversed. 

Deflections—In the above method the 
deflected model is always geometrically 
similar to the structure under the corre- 
sponding conditions of load and tem- 
perature, Therefore, to obtain the cor- 
responding deflections for the structure, 
it is only necessary to multiply the meas- 
ured deflections of the model by the 
linear-scale reduction factor 1. 


Proportioning of model and loads 


The steps followed in proportioning 
the different parts of the model are set 
forth in Fig. 2. Sketch 1 shows the 
cross-section of one cable, suspenders 
and stiffening truss as built. The final 
model to be proportioned and loaded is 
for loads in the vertical plane only, 
although it may be noted that the same 
methods can be extended to include 
wind loads. 

In sketch 2 of Fig. 2 the structural 
equivalent of the cross-section shown in 
sketch 1 is given, to which is applied 
a panel load of such amount that its 
weight plus one panel of this equivalent 
structure equals the dead panel load of 
the structure as built. The live panel 
load applicable to the structural equiva- 
lent would be the same as for the struc- 
ture as built. 





Fig. 3—Musical tensometer used to de- 
termine variation of suspender pull. De- 
sign of instrument is based upon fact that 
a given gage length of wire changes its 


pitch as its stress changes. Model cable is 
shown above the instrument, while the 
bar below is the model stiffening truss. 


In the usual case, where Young’s 
modulus E for any model member dif- 
fers somewhat from the known or as- 
sumed E for the corresponding member 
of the structure, proper compensation is 
made in designing the model member by 
decreasing its section wher its FE is 
larger than that of the member of the 
structure, and vice versa, so that corre- 
sponding unit strains remain the same. 

Arbitrarily and for reasons of con- 
venience, a linear reduction scale 1 
equal to 100 was chosen for propor- 
tioning the Mount Hope model. The 


DEFLECTIONS AND HORIZONTAL ¢€ 


H 
in 
Condition of Loading Kips 

1. Main span and far side span + 867.3 
fully loaded. Temp. + 60° F. (+ 872.0 
2. Same as (1) except + 1,038.0 
Temp. —60° F. + 1,022.0 
3. Near side span fully loaded —36.7 
Temp. +60° F. (—33.'8) 
4. Same as (3) except +114.6 
Temp. —60° F. (+ 109.1) 
5. All spans fully loaded +905.8 
emp. +60° F. (+ 899.3 
6. Same as (5) except +1,076.0 
Temp. —60° F. (+ 1,058.0 


7. Main span fully loaded 
Temp. +60° F. 


8. Main span fully loaded 
Normal temperature 
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application of this linear reduction fac- 
tor to sketch 2 gives the linear dimen- 
sions of the model shown in sketch 3, 
and dividing the actual loads by the 
square of the reduction factor gives the 
model loads. 

It was found that the model loads, 
D/n* and L/n*®, were inconveniently 
large for handling, and it was believed 
that a solid cable 0.09497 in. in diam- 
eter was too stiff for convenient use. 
Further reduction was necessary. The 
development of the reduced sections is 
set forth in sketches 4, 5 and 6 of Fig. 
2. In sketch 4 ribbons of rectangulat 
section replace the round cable and sus 
pender shown in sketch 3. The loads 
in sketch 4 would be the same as in 
sketch 3. Sketch 5 shows the section 
of a model that would result from divid- 
ing the sections and loads in sketch 4 
by the factor m, the value of which is 
so chosen that the areas of the cable 
and suspender would be very nearly 
equal to the commercial standard music 
wire shown in sketch 6. For conveni- 
ence in model assembly the stiffening 
bar in sketch 5 is replaced in sketch 6 
by two stiffening bars. In Fig. 1 the 
loads D/n’m are seen hanging below 
the bridge model, and the weights cor- 
responding to the live panel loads. 
L/n’m, rest on the floor beneath the 
model. 


Construction of the model 


Foundations—Concrete piers wert 
constructed position below the main 
towers and anchorages. Upon these 
piers two 12-in. channels were sup 
ported, being fixed to one end pier and 
provided with expansion rollers at the 
other three piers to insure that this 
steel foundation would expand and con- 
tract at the same rate as the model 
(whenever temperature variations oc- 
curred within the laboratory) without 
producing temperature stresses within 
the model. Nevertheless, care was 
taken to maintain even temperature, be- 
cause small parts of a model respond 
more quickly to temperature change 
than heavier sections. The method of 
simulating temperature stresses and de 
flections involved the movement ot 


“ABLE STRESS, MOUNT HOPE BRIDGE 


Cable-Bent Main Tower 
Deflection at Deflection at 
Intersection Intersection Truss Deflection 
of Tangents of Tangents at Center of Span 
(Inches) (Inches) (Inches) 
+3.12 +14.19 
(+3.21) (+ 12.76) 
+0.50 +7.88 
(+0.92 (+7. 46) 
+1.44 3.50 33.6 and (33.0) may 
(+ 1.37) (—3.62) loaded side span 
-1.25 9.75 
(—0. 98) (—10. 20) 
+3.25 +7.56 
(+ 3.34) (+7. 30) 
+0.62 +1.31 
+0. 99) (+1.95) 


73.2 and (68.7) max 
loaded main span 


45.6 and (48.8) 
loaded main span 


The values not inside the pao were computed by Robinson and Steinman. consulting engineers of 
New York City. The parenth 


etical values were obtained from the steel mode! 


i. Mode/- el 
Temperature -60°F - Ai ae 
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Fig. 4—Variation in horizontal component 
of cable stress, H, for uniform live load 
advancing on the main span of Mount 
Hope bridge. Note the close parallelism 
between theoretical and model results. 


model supports under conditions of con- 
stant temperature, measurements being 
made with Ames dials mounted on the 
foundation structure and connected to 
the movable supports. 

Main Towers—Stresses in the tower 
itself were not studied with this model. 
The resistance of a tower to load is 
best determined by using a larger steel 
model of the tower alone. (Tests made 
at Princeton within the last few weeks 
have shown this to be entirely practi- 
cable.) To reproduce the condition in 
the model of weightless rocker towers 
assumed in the design, the relatively 
heavy main steel towers were supported 
on two cone points and were counter- 
weighted with a pendulum of such 
weight that the center of gravity of the 
tower and pendulum combination was 
located in the line of the two points of 
support. On the top of this rocker 
tower a special cylindrical piece of steel 
was placed so that a saddle support of 
correct proportion was provided. In 
case that it is desired to simulate fixed 
elastic towers, the counterweights must 
be increased to give the desired resist- 
ance to tower deflection, and the tower 
foundation must be moved when simu- 
lating temperature effects. This was 
the case with the Trans-Bay bridge 
models. If roller saddles must be simu- 
lated, the balanced tower as used for the 
Mount Hope model would be proper. 

Cable Bent—In the theoretical design 
the cable bents were assumed to be 
weightless and with rocker supports. 
To simulate the rocker supports, two 
cone points were used at the base of 
each model bent. No counterweighting 
pendulum was used for the cable bent, 
for this tower was relatively light in 
weight, and its deflection from the verti- 
cal was at all times of small amount. 

Cable Anchorage—The anchorage of 
the model cable was so designed as to 
permit horizontal motion. The vertical 


component of the cable stress was re- 
sisted by dead weight, and the horizon- 


04 0.5 06 
Portion of Main Span Loaded 
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tal component by adjusting screws. 
This movable support was provided to 
make it possible to simulate the effect 
of temperature, as has been previously 
explained. Vertical movement of the 
anchorage point, as theoretically re- 
quired, was not provided for, as its 
effect was seen to be negligible for this 
bridge. 

No provision was made for a corre- 
sponding displacement of the rocker 
tower bases, but their properly calcu- 
lated movement was taken into account 
in predicting the tipping of the towers 
due to temperature changes. However, 
in a design considering the rigidity of 
towers fixed at the base, as in the 
Trans-Bay bridge, it is necessary that 
these bases be shifted when studying 
temperature effects. 

The Cable—In planning the cable and 
the suspender connections a table was 
computed giving the distance from one 
end of the cable to each suspender con- 
nection and to each tower connection, 
on the assumption that all stress was re- 
moved from the cable. The cable and 
a standard steel tape were then stressed 
with spring balances until their unit 
strains were identical. Suspender 
points, tower and cable-bent reference 
points and anchorage points were then 
located at such intervals that when the 
cable was placed on its supports and 
dead load was applied the suspenders 
would occupy their correct positions. 
Loops were placed in the lower ends of 
the suspender wires, to which the 
weights representing the major part of 
the dead panel loads could be attached 
by their hooks. These dead-load weights 
had rings in the bottom from which the 
live-load panel weights could be hung. 

The completely fabricated cable with 
its attached suspenders was then trans- 
ferred to its position in the bridge, and 
the main portion of the dead load was 
attached to the suspenders. In addition, 
small temporary erection weights, not 
shown, each equivalent in weight to one 
panel of model stiffening truss and its 
connecting clamp, were hung beneath, 
so that the cable then took the shape 
corresponding exactly to the condition 
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of full dead load and normal tempe: 
ture. The correctness of the constru 
tion at this time was carefully check 
by measuring the sag in the cable 
the main and side spans, and the err 
in construction proved to be negligil 

Stiffening Truss—In agreement wi 
the assumption made in the design 
the structure, the stiffening truss mu 
have zero bending moment under t! 
condition of full dead load and norm 
temperature. This was accomplished | 
placing the two steel bars of the mod. 
stiffening truss on a special falsewor’ 
built up from the two 12-in. channel 
In choosing the elevation for the ere 
tion of the stiffening bars a position wa 
taken somewhat lower than that corre 
sponding to the structure itself, in orde 
that experiments might be more easil: 
carried out to determine the variatio: 
of live-load and temperature stresses in 
the suspenders by means of a special! 
musical tensometer. It is believed that 
this departure from the true elevation 
of the stiffening truss had little effect 
on the experimental results for the rea- 
son that the elongation of the sus- 
penders is of relatively little importance 
in its effect on stresses, strains and de- 
flections. As a matter of fact, in all 
theoretical calculations the elongation 
of the suspenders is neglected. 

The stiffening bars rested freely on 
the supporting falsework. Small C 
clamps, such as those used by chemists, 
were used to fasten them tightly to the 
suspender wires. The connections of 
these stiffening bars to the towers by 
pendulum expansion links (similar to 
those used in the actual structure) was 
also made at this time. The falsework 
was then removed, and the temporary 
erection weights corresponding to the 
weight of the stiffening bars and clamp 
were removed. This scheme evidently 
provided a stiffening truss in which 
there was no bending moment under the 
condition of full dead load and normal 
temperature in the model. 


Using the model 


Cable Stress—For finding the stress 
due to live load or temperature change 
in the model cable a 20-in. Anderson 
strain gage developed in the Bell Tele- 
phone laboratories was attached to the 
backstay at each end between the cable 
bent and the anchorage. 

In order that the strain readings taken 
on the backstay might be interpreted 
into stress a simple method of calibra- 
tion was employed, in which it was de- 
termined that one gage division (1/25 
of the circumference) was equivalent to 
86,555 Ib. of horizontal component of 
cable stress in the full-size structure. 
It is believed, that this dial permitted 
cable unit of to be read within an 
accuracy of 45 Ib. per sq.in. 

Deflection Apparatus—The theoreti- 
cal calculations had already indicated 
that the maximum deflection of the cable 
and stiffening truss due to live load and 
temperature approached 70 in. for the 
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structure. The corresponding deflection 
for the model was therefore anticipated 
to be one-hundredth as great, or 0.70 in. 
It was therefore apparent that the model 
deflections could be measured with suffi- 
cient accuracy with a steel scale gradu- 
ated to hundredths of an inch and ob- 
served with a reading glass. 

Tower and Cable-Bent Deflections— 
The theoretical calculations had also in- 
dicated that the main tower and cable- 
pent deflections would be relatively very 
much smaller than the stiffening-truss 
deflections, thus requiring extremely ac- 
curate measurement. For this purpose 
a filar micrometer microscope capable 
of reading 0.0001 in. was supported 
from the foundation structure in such 
position as to observe the edge of a 
small ink dot placed on a target at the 
top of the tower to be observed. An 
accurate calibration of this microscope 
against a standard scale showed that 
one micrometer division was equivalent 
to 0.000198 in. It follows that one 
micrometer division of deflection meas- 
ured on the model is equivalent to 
0.0198 in. of deflection on the actual 
tower or cable bent of the structure. 

Stiffening-Truss Bending Moments 
—It was decided that the best way to 
measure the bending moment in the 
stiffening truss was to observe its 
change in curvature. Preliminary cal- 
culations based upon the theoretical live- 
load and temperature bending moments 
for the structure indicated that this 
curvature of the stiffening truss caused 
by these bending moments would be 
very small and difficult to measure. 
Two knitting needles were soldered to 
the stiffening bars at a distance apart 
equal to a definite gage length of 3 in. 
Small corks were pushed on the ends 
of these needles. Small hat pins about 
3 in. long were stuck through these 
corks horizontally and arranged so that 
the points of the pins nearly met at the 
center of the gage length. The gap be- 
tween these points was located at a 
definite distance (8 in.) below the cen- 
ter of the bars. When positive bending 
moment was produced in the stiffening 
bars by live-load and temperature rise, 
these pins would move apart. The 
change in the size of the gap between 
them, measured in a horizontal direc- 
tion, would be a measure of the angular 
change between the sections to which 
the needles were clamped. This in turn 
would be a measure of the bending 
moment. A microscope identical with 
the one used to measure tower deflec- 
tions was used'to measure the change in 
the gap between the pin points. The 
value of one division of the microscope, 
in foot-pounds of bending moment, was 
found by calibrating the bending-mo- 
ment apparatus on a simple beam made 
identical in section with the stiffening 
truss of the model and having a part of 
its length subjected to a constant bend- 
ing moment. 

In order to determine experimentally 
the position of live load producing max- 


imum positive bending moment in any 
section of the model stiffening truss 
under observation, the model was ad- 
justed to the condition equivalent to 
highest temperature by slackening off 
the adjustment nuts at each anchorage 
by a precalculated amount. Thereupon 
live-load weights were added one at a 
time in the immediate neighborhood of 
the section where maximum positive 
bending moment was sought, and by 
trial the position of loads was found by 
observing the condition of loading that 
caused the greatest separation of the pin 
points supported from the stiffening 
bars. It was found that whenever the 
pin points of the control beam or of the 
model stiffening truss separated one 
micrometer division the corresponding 
change in bending moment was 0.01549 
ft.-lb. Since model loads must be mul- 
tiplied by n’m to secure full-size struc- 
ture loads, model bending moments must 
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Increase in Suspender Pull in Pounds 


10 12 14 
Suspenders in Main Span 


4 o 6 


Fig. 5—Increase in suspender pull caused 
by advancing live load on main span, the 
temperature remaining normal. Deflection 
theory assumes suspender stresses to be 
equal and strains to be zero. Full lines in 
curves indicate extent of live load. 


be multiplied by n’m times n, or n’m, 
to secure the bending moments in the 
full-size structure. It follows therefore 
that the above value of 0.01549 ft.-lb. 
must be multiplied by 100° times 7.7125, 
which amounts to 119,500 ft.-lb. of 
bending moment in the structure, corre- 
sponding to one micrometer division of 
separation of the pins that -were at- 
tached to the stiffening bars of the 
model. This value of 119,500 ft.-lb. 
corresponds to approximately 1 per 
cent of the maximum positive bending 
moment in the stiffening truss of the 
main span of the structure, and accord- 
ingly this method of measuring bending 
moment was considered to be sufficiently 
accurate for practical purposes. 

In the Mount Hope bridge model 
the stiffening truss was of constant sec- 
tion, whereas in the Trans-Bay bridge 
models the stiffening trusses were made 
variable in section to represent the 
changes in section of the truss of the 
structure. 
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Suspender Stresses — Variation of 
suspender pull, caused by live load and 
temperature, was measured with a spe 
cial musical tensometer developed at 
Princeton University by W. R. Mac- 
Namee under the direction of Prof. 
C. H. Willis. Stresses were found on 
the principle that a given wire on a 
given gage length changes its pitch 
(natural frequency of vibration) as its 
stress changes. The instrument devel 
oped had a definite gage length, an 
electromagnetic system of inducing a 
variable frequency of vibration and a 
telephone circuit for picking up the tone 
given off by the wire. A  stress-fre 
quency curve was found by testing sev- 
eral sample pieces of suspender wire. 
The frequency of the electromagnetic 
impulses was controlled with a dial on 
an oscillator. As this frequency ap- 
proached the natural frequency of the 
stressed suspender, the wire vibrated 
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more easily and therefore gave off more 
sound. The peak was found in the 
same manner that a station is dialed on 
a radio, 


Summary of results 


Horizontal Components—In Fig. 4 is 
shown the graph for H, the horizontal 
component of the cable stress, for uni- 
form live load advancing on the main 
span. Also in the accompanying table 
are shown other comparative values of 
H for various conditions of loading and 
temperature. The experimental H 
curves drawn by dotted lines in Fig. 4 
are each drawn exactly through the ob- 
served points for each curve. The 
smoothness of the curves obtained and 
their close parallelism indicate that the 
apparatus employed gave remarkably 
uniform results. Only one set of theo- 
retical values was available for compari- 
son, and these lie on the full line curve. 

The difference between the experi- 
mental and theoretical H curves for the 
live load advancing in the main span is 
so uniformly of the same amount and 
sign as to lead to the belief that there 
is some definite cause for the small, 
though practically negligible, difference 
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between the two. The writers believe 
that this difference arises from the basic 
assumption made in the deflection 
theory that the suspender stresses are 
equal and suspender strains are zero for 
all positions of live load, conditions that 
did not obtain in the model as shown by 
the musical tensometer measurements. 
Some values of suspender pull are 
shown in Fig. 5. 


Bending moments 


In Fig. 6 are shown the graphs for 
the maximum positive bending moments 
in the main and side spans as caused by 
combinations of live load and maximum 
temperatures. The experimental curve 
is shown by the dotted line plotted 
through the observed values indicated 
by small circles. This curve gives 
values of bending moment ranging 
about 10 per cent below those obtained 
by theoretical calculation. The writers 
feel confident that the experimental re- 
sults obtained are close to the truth. 
They are of the opinion that this rela- 
tively unimportant difference between 
experiment and theory is due to the 
same cause that accounts for the dif- 
ference between the experimental and 
theoretical H curves—namely, that the 
assumption is made in the theory that 
all suspender stresses are equal and that 
the strains are zero. 


Conclusions 


From the comparison of the theoreti- 
cal and experimental results that were 
obtained for the stresses and deforma- 
tions of the Mount Hope bridge, it ap- 
pears that the deflection theory, as per- 
fected by L. S. Moisseiff, agrees closely 
enough with experiment for satisfactory 
application in practice. Wherever a 
small difference between theory and ex- 
periment exists, as in the case of the 
cable stress and bending moments, the 
writers believe that this is due to the 
assumption in the theory that all sus- 
pender stresses are equal for any condi- 
tion of live load and temperature and 
that the elongation of the suspenders is 
zero, 

The success with which the Mount 
Hope model checked with careful theo- 
retical analysis leads to the conclusion 
that models of proposed suspension 
bridges may be used with confidence in 
their design, not only for the deter- 
mination of stresses and deflections due 
to live load and temperature but also 
due to other forces such as wind. In 
the special case where stresses and de- 
flections due to wind are desired, the 
model wind-panel loads will equal the 
actual wind-panel loads II” for one-half 
transverse section of bridge, divided by 
nm. All parts of the model except 
stiffening truss are proportioned as be- 
fore. A single model cable is used. 
In proportioning each rectangular sec- 
tion of the model stiffening truss in this 
case, the breadth and depth of the 


stiffening bar is calculated so that its 
moment of inertia about horizontal and 
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Fig. 6—Maximum positive bending moments 
in stiffening truss of Mount Hope bridge 
model were uniformly 10 per cent below 
values obtained by use of deflection theory 
calculations, because latter assume errone- 
ously that suspender pulls are equal. 


vertical axes equals 1/n‘m times the mo- 
ment of inertia of the corresponding 
truss of the structure. In the case of 
the Mount Hope bridge these moments 
of inertia for the structure would be 
for one vertical truss of two chords and 
for one horizontal truss of two chords. 
The wind-panel loads may be applied to 
the model by use of weighted strings 
operating over pulleys, as was done for 
the models of the Trans-Bay bridge. 

Furthermore, it appears practicable to 
resort to model analysis for the design 
of suspension bridges of novel but use- 
ful types too difficult for mathematical 
analysis. The theory for proportioning 
the sections and loads for models of 
more complicated structures subjected to 
complex systems of forces would be the 
same as has been employed in the case 
of the model described. 

If it is desired to simulate stresses 
and strains such as those produced by 
earthquake vibrations, the model is pro- 
portioned as before and loaded directly 
at the panel points and is shaken by 
vibrating each foundation in a path sim- 
ilar to that produced by the earthquake, 
but with an amplitude 1/n times the 
earthquake amplitude, and a frequency 
the square root of » times as rapid. 
Under these conditions the stresses and 
strains in the model will equal those of 
the actual structure, and the deflections 
will be 1/n times as great. This pro- 
cedure follows from the laws of simili- 
tude but should be verified by extensive 
laboratory tests before applying it in 
practice. 

The stresses and deflections produc- 
ible by load or temperature change in a 
suspension bridge are obtainable by 
direct measurement from a _ model; 
whereas to determine such values by 
theory necessitates a cut-and-try solu- 
tion of long and involved formulas. On 
the other hand, the time required to get 
results by test of the model, once the 
model is constructed, is very short. In 
a few minutes the stress. or deflection 
due to any specified combination of load- 
ing or temperature may be read, with 
little chance of error. 
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The structural behavior of the brid 
as a whole is much clearer to one wi 
understands present theories and w! 
works with a model than to one w! 
employs theory alone. 

The same model that has been us 
in the design may be partly dismantk 
and used in the solution of erectio: 
problems. Simple models employin 
loaded wires or chains have been en 
ployed recently for predicting erectio: 
deflections of actual suspension bridge; 





Changes Written Into Model 
Regislation Law for Engineers 


Numerous changes in the model law 
for the registration of professional en 
gineers and land surveyors were passed 
upon at a conference of representatives 
of several ngineering societies and state 
license boards held in New York on 
April 15. Most of the changes approved 
by the conference have been before its 
members for several months past and 
have in most instances been the subject 
of discussion at previous conferences. 
$They all bear upon a model registration 
law drafted in 1930 by a committee of 
representatives of the American Society 
of Civil Engineers, American Society 
of Mechanical Engineers, American In- 
stitute of Electrical Engineers, Ameri- 
can Association of Engineers, New 
York State Society of Professional En- 
gineers and Land Surveyors, and the 
National Council of State Boards of En- 
gineering Examiners. That law was 
indorsed in 1930 by the American So- 
ciety of Civil Engineers, the American 
Association of Engineers and_ the 
American Institute of Consulting Engi- 
neers, also by several local engineering 
societies. The redraft, which was com- 
pleted at the conference in New York, 
has since been submitted to the national 
and local engineering societies for their 
approval. Many of the proposed 
changes are in detail as to administra- 
tion of the law and to clarify the word- 
ing. Important changes are made in 
the definitions. and in the minimum 
qualifications for. registration set up by 
the law. They are quite similar to those 
recently written into the New York 
State law. 
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Developing a Water Supply From 
a Polluted Chinese River 


Increased per-capita consumption and restricted area for 
slow sand filters force company first to add coagulant 
to settling basins and finally to build rapid filters for 


million people in International 


By H. Stringer 


Deputy Engineer-in-Chief. The Shanghai 
Waterworks Co., Ltd., Shanghai, China 


Except where foreign influences dominate, 
most Chinese cities are still woefully defi- 
cient in sanitation. The International Set- 
tlement of Shanghai, much in the eyes of 
the world of late, now has a water supply 
far above the average of Chinese cities. 
This is partly due to the fact that water 
is provided by an English company and 
also to the fact that this company, having 
an unusually difficult matter to deal with 
(similar in some respects to many of those 
in this country), has gone far in adopting 
American methods of treatment. As the 
following article shows, plain sedimentation 
in fill-and-draw basins has given way to 
coagulation in continuous-flow reservoirs, 
and. slow-sand filters have been replaced 
by rapid filters. The design of the reser- 
voir bottoms and the methods of removing 
sediment, as well as the design of the 
filters, raise many points of general interest. 

—-EDITOR. 


upturn in the per-capita consump- 

tion of water by the million people 
in the International Settlement of 
Shanghai demonstrated that the existing 
methods of plain sedimentation on the 
draw-and-fill system could not provide 
water of a quality that the slow-sand 
filter beds could handle at the rates the 
consumption required. Treatment with 
alum and reconstruction of the basins to 
care for the excessive depositions were 
followed ultimately by the construction 
of rapid filters to augment the supply. 
Many other extensions such as new 
intakes, pipe lines and additional pumps 
of steam (diesel and electric driven) 
have had to be installed, but this article 
will take up only the provisions for new 
treatment methods. The subsidence 
basins had to be revamped with baffles 
and sloping bottom hoppers, or channels, 
in the change from the fill-and-draw 
method to the speeded-up continuous 
operation giving heavier deposits. Due 
to  foundation-settlement difficulties 
filters are grouped in small units. Wash- 
ing methods utilizing the recently dis- 
covered sand-expansion factors, under- 
drain necessities, and operating ex- 
periences with both settling basins and 
filters will be described. 

The International Settlement derives 
its water supply from the Whangpu 
River on which it is situated. This 
water has an average turbidity of 223 
p.p.m. and an average bacterial content 
of 80,635 at 20 deg. C. and 50,072 at 37 
deg. C. Shanghai, therefore, is in the 
unenviable position of having one of 
the most turbid and probably the most 


A eotoen | YEARS AGO a decided 


Settlement, Shanghai 


polluted sources of water supply in the 
world. The purification of such a source 
of supply consequently presents a many- 
sided problem quite apart from the 
abnormal growth in water demand. 
Following the unusual rise in demand 
in 1920, coagulation was adopted, using 
imported aluminum sulphate with a 17 
per cent aluminum oxide content. The 
high rate of increase in water demand 
persisted, and in 1924 it became ap- 
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parent that increased capacity, both in 
settlement and filtration, was required 
An extensive reconstruction program 


Was consequently put in hand in 1925 
after small-scale experiments had been 
made in methods of continuous settle- 
ment and rapid filtration. Water is 
pumped from the river to settling tanks, 
pumped to rapid filters and finally 
pumped to the town mains. The slow- 
sand beds are practically all fed by 
gravity from the settling tanks. 


Continuous-settlement tanks 


The success of the continuous method 
of operating settling basins depends on 
adequate mixing of the alum dose and 
accurate regulation of the 
ities in the tank 


water veloc- 


and correct slopes to 


Fig. 1—Shanghai waterworks, located on 
the Whangpu River, were so restricted as 


to area that rapid filters and more efficient 
settling were dictated 
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the mud pockets, which will insure flow 
of the deposited mud through the pipes 
connected to the mud pump. The veloc- 
ities adopted through the tank are as 
follows: 


Mixing chamber 6.36 in. per second. Mixing time 


of 14 min. with six channels. 
Tank 1.00 in. per second, giving a con- 
tact period of 80 min. 


To obtain this contact period, the 
tank is baffled by a central wall. 

Factors Influencing Design—As con- 
tinuous settlement would give three 
times as much water as that given 
by the old method of draw and 
fill, with a maximum period of six 
hours’ quiescence, conversion of the old 
tanks was obviously indicated. This 


. 


Fig. 2—Per-capita consumption of water 
in Shanghai for all purposes. After 1920 
there is an abnormal rise in rate. 
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repose ranged between 10 to 15 deg., 
while with a 75 pet cent dry-mud con- 
tent, angles of repose vary from 24 to 
19 deg. with increasing pressure. Ex- 
periments in regard to angle of repose 
were carried out with the water-pres- 
sure conditions that would obtain under 
working conditions. As a result of these 
tests a slope of 20 deg. was given to 
the mud-collecting pockets. In practice, 
however, these slopes proved insuffi- 
cent, and mud has to be assisted down 
these slopes by hand-operated shoes. 
The following are the general dimen- 
sions at the settling tanks: 
Tank... : . 256 150 16 ft. deep 
Main baffle wall 199 ft. 
Six baffles in mix- 
ing chamber 
Mud pockets 


10-ft. centers 


36 ft. square with slopes to central 
valves of 20 deg. These slopes 
were formed cf 4-to-1! lime-and 
mud filling, with a 4-in. slab of 
concrete on top 
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construction could be carried out piece- 
meal during the winter when demand 
was low, a more ambitious program 
being forbidden by the fact that periods 
of quiescence had fallen as low as half 
an hour during maximum demand in the 
summer months. 

With the adoption of continuous 
settlement, the problem of continuous 
mud removal was inevitably bound up, 
since a deposition of mud at three times 
the rate under the old method of working 
would have tied up the tanks at too fre- 
quent intervals for cleaning by hydraulic 
sluicing. Every spring and autumn this 
method of cleaning closed down each of 
the tanks when worked under draw- 
and-fill conditions for a fortnight to 
three weeks, depending on the size of the 
tank. 

The factors influencing the design of 
the first mud-removal system were, first, 
the impossiblity of gravity sluicing to 
the river with the existing tanks. These 
tanks were 16 ft. deep and, even if 
raised to the minimum depth of 10 ft. 
required for continuous settlement, cer- 
tain stages of the tide would have 
rendered gravity sluicing inoperative. 
As a consequence it was necessary to 
adopt mud pumps. A second factor in 
design was the physical properties of the 
deposited mud. With a mud with a 40 
per cent dry-solid content, the angle of 
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Piping—Four mud-pump collect 
pipes of 9-in. diameter are conne 
with a 9-in. manifold housed in a 9 
wide culvert to allow of rodding 
pipes through hatch boxes. These h 
never been required in practice. 

The work was carried out in tank 2 
in 1926, and tank 1 was converted 
the same use in 1929. The convers 
of this latter tank was similar in des) 
except that mud pockets were omit! 
on the outlet side of the baffle wall, 
it was found that 95 per cent of t 
mud was deposited in the first half 
the tank. This effected a saving of fo. 
teen sets of valve gears with the nec: 
sary collecting pipes. It was also found in 
practice that the mixing channels silte:| 
up until a channel area of about 60 sq.i 
was attained, with a velocity of 12 i: 
per second. The depth of the mixi: 
channel was thus reduced to 6 ft. belo 
working level. 

These two tanks, worked at the abo 


rates, each give 36 m.g.d. of settle: 


water, with a turbidity of 50 at the out 
let. The effluent from both these tank- 
is passed through a third tank, where a: 
extra contact period is obtained. Thi 


final turbidity is by this means decreas: 


to 30 on delivery to the filter beds. Th 
velocity in this third tank is 0.5 in. pe: 
second, giving an additional conta 
period of 100 min. 

Further continuous settlement ca 
pacity was also provided in 1927 as th 





Fig. 3—Old low-level continuous-settling 
tanks were equipped with baffle wall, 
hopper pockets and mud valves. 
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Fig. 4—Gravity mud-collecting channels 

discharge through dike at right directly 

into Whangpu River. At 3-ft. intervals 

l-in. holes, in trough between ridges, lead 
to a discharge channel. 


result of the necessity to repair the 
gravity dam that formed one of the 
walls of settling tanks 5 and 6. As 
these dams developed serious leakage at 
levels of 14 ft. and had a working level 
of 18 ft., it was decided to eliminate 
secondary pumping from the settling 
tanks to the filter beds by raising the 
dam level to admit of a working 
level of 22 ft., thus providing a 
gravity feed from the settling tanks 
to the slow-sand filter beds, which 
have a maximum demand of 36 m.g.d. 
The dam was light in section with 
slopes of 1 to 1.75 and a 10-ft. top width, 
but it was stable enough for the condi- 
tions required. 

It was, therefore, decided to try to 
eliminate leakage by removing the 
pitched face and replacing it by a 6-in. 
slab of reinforced concrete. As the clay 
of the dam was found to be in excellent 
condition, this slab was designed for 
waterproofing purposes only, its strength 
in shear being only equivalent to a 
plaster of mud 3 ft. thick up the face 
of the dam. As an additional safeguard 
to counteract any danger of upward 
pressure, the toe of the dam was sheeted 
with 4-in. birdsmouth sheetpiling 15 ft. 
long. Expansion joints of sheet zinc in 
the 6-in. slab were placed at intervals of 
50 ft. 

To check leakage further and to im- 
prove conditions in the rather weaker 
sections at the base of this dam, there 
was added a plaster of mud rammed in 
6-in. layers, the top level of this mud 
being 10 ft. above tank bottom and hav- 
ing a slope of 2 to 1. Since this work 
was done, leakage has decreased pro- 








Fig. 5—Mud channels also are cleaned by 

air lift, discharging into temporary wooden 

channels supported on the ridges of the 
mud channels. 


gressively and has moved downward. It 
in now almost negligible. The dam has 
been in continuous use since the spring 
of 1929 and has resulted in an annual 
saving in secondary pumping of $6,455. 

In other essentials the principles of 
design are the same in this tank as in 
tanks 1 and 2, but in this case a different 
method of mud removal was adopted 
owing to the higher working level of the 
tanks and the possibility of frequent 
gravity sluicing into the river. The 
suspended matter here settled into a 
series of 23 channels, each 103 ft. long 
and placed at right angles to the direc- 
tion of flow. These channels, at 12-ft. 
centers, are triangular in section, 54 ft. 
deep with 45-deg. slopes. The bottom 
width of the channel is 9 in. At 3-ft. 
intervals the bottom is pierced with 
l-in.-diameter holes, through which the 
mud flows to a 6x6-in. collecting 
channel. These channels have a fall of 
6 in. and are closed by 6-in. valves at 
their junction with a concrete manifold 
1 ft. wide by 1 ft. deep, with a fall of 
1 in 75. This manifold conveys the mud 
to two 20-in. pipes, which go through 


the dam to the river 6 ft. above the 
tank bottom. In order to keep the mud 
in motion when sluicing, each channel 
hand-worked 
This method of mud removal 
which was adopted as a result of lengthy 
experiments, has not as vet proved an 


entire success, and an air-lift pump fixed 


is provided with a set of 


scrapers. 


to a float has been used to supplement 
the gravity sluicing. This pump de 
livers into triangular wooden channels 
fixed to the ridges of the existing mud 
removal channels. The total settlement 
capacity is now 96 m.g.d., with a future 
capacity of 156 m.g.d. that will be 
possible without further alterations. 
The estimated cost per million gallon 
of removing mud by the discontinuou 
process was, in 1927, 16.9c. for operation 


and lle. for capital cost, while by the 


continuous method the total cost is 314e 
per million gallons, of which 6.9. is for 
operation and 24.5c. for capital. Mud 


disposal also involves the company in 
additional expense, as payment has to be 
made for dredging the material pumpe 
back into the river. This added 17.3c 
per million gallons to settlement cost 
in 1929, at about 41.2 per cent load 


tactor. 
Filtration 


Apart from other considerations, the 
abnormal land values and 
the dilatory methods of conducting land 
deals in the Chinese manner practically 
compelled the adoption of methods ot 
rapid filtration. In this process the 
usual rate of working filters is 100 gal 
per square foot per hour, as against a 


increase in 


maximum of 5 and an average of about 
sand beds. Thus, though th 
capital cost in 1923 of slow sand filters 
was only 77c. per square foot, as against 
$11.08 for the rapid filters constructed 
in 1925, the capital cost for equal ca 
pacity of slow sand beds would havi 
been at least $41.08—quite apart fron 
cost of land if it could have been ob 
tained in time. 

The operation cost of rapid sand 
filters is, higher than that 
for slow sand beds—$1.07 per million 
gallons as against $1.49) in 1920 
The average demand in 1929 on_ the 
rapid filters was 411.6 m.g.—that 1s 
57.2 per cent load factor, giving at 
extra operating cost of about $2,000 per 
annum, which adds, at 7 per cent, a 
further capital expenditure of $30,000 
to rapid filtration, thus bringing the 
cost per square foot up to $13.80. 

Rapid Filters—Two batteries of eight 
rapid filters have been constructed since 
1925, both of the same capacity—24 
m.g.d. Generally the designs are similar, 
but in the battery constructed in 1925 
experience showed that our expectation 
of alge growth on these filters would 
not be realized and that these need not 
be covered. This alteration admitted of 
raising the reservoir capacity beneath 
the filters to 750,000 gal., as against 
500,000 gal. in the first battery, giving a 
longer contact period for chlorination, 


2 in slow 


he rwever, 





with consequent improvement in the 
bacterial quality of the effluent. Further, 
some simplification in piping and saving 
in valves resulted im the adoption of a 
two-way valve instead of individual 
for influent, sewer, washwater 
and effluent pipes. Again, as a result of 
our experience of foundation settlement 
in the first battery, the eight new filters 
are designed as four independent units 
of two filters each, while the pipe 
gallery and operating floors between 
each set of four filters are entirely in- 
dependent units. A further improve 
ment was the substitution of steel and 
corrugated iron for concrete in the roof 
of the operating floor. Lastly, in order 
to admit of isolation of each set of rapid 
filters, the effluent channels were built in 
duplicate. 

The whole building in plan consists of 
three independent units constructed on 
separate foundations. All filters are 
40x414 ft., c. to c. of walls, by 8 ft. 3 in. 
high, not covered on top. As the effi- 
ciency of operation depends almost en- 
tirely on the arrangements for back- 
washing, the following details as to the 
combined wunderdrain and 
system are given. 

Each filter has an area of 1,400 sq.ft. 
and is divided into two halves and fed by 
a central duct, 3 ft. wide with a 35x2}- 
ft. clear-water duct underneath. The 
underdrain and backwash system is 
designed to what is known as the Illinois 
standard. 

There are washwater troughs 
per filter fixed at 5 ft. 10 in.-cénters and 
64 ft. filter-floor level, with a 
freeboard of 2 ft. from sand level to lip. 
The troughs are constructed of 
forced concrete, 2 in. in thickness, with 
a semicircular bottom of 7-in. radius 
inside with a rectangular section 12 in. 
deep by 14 in. wide above. They are 
constructed with a fall of 3 in. in their 
length of 17 ft. 2 in. to the central duct. 
The sizes of these troughs are based on 
an expansion of 45 per cent with the 
sand selected. The underdrain and 
washing system consists of 48 laterals 
per half filter fixed 10 in. apart. These are 
4-in. cast-iron pipes, with 35 holes per 


valves 


backwash 


seven 
above 


rein- 
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Fig. 6—One of two batteries of rapid filters 

with rectangular washwater tank at left. 

To minimize settlement, eight filters are 

designed as four independent units of two 

filters each, with independent pipe gallery 

and operating floors between each set of 
four filters. 


lateral (*%-in. diameter) at 6-in. centers. 
Experiments with an underdrain system 
in porous concrete proved a failure in 
practice. The system was designed on 
the following basis: total area of the 
strainer holes, 0.2 per cent of filter area; 
laterals three times the total area of the 
strainer holes, manifold or duct, one 
and one-half times the total area of the 
strainer holes. 

For rapid-filter sand the sand from 
the slow sand filters yields 44 per cent 
of a sand within the required limits, its 
effective size being 0.44 m.m. and its 
uniformity coefficient 1.82 A 30-in. 
depth of sand was placed over a five- 
layer 18-in. gravel underdrain. 

In operation these filters have been 
uniformly satisfactory. The rate of 
working is 100 gal. per square foot per 
hour, and filters are washed at a 6-ft. 


Fig. 7—Rapid-filter pipe gallery of the 

Shanghai waterworks. Raw-water mains 

are at top, drain is in center, and wash- 

water and clear-water pipes and water con- 
trollers are near floor. 


loss of head, but always once in 24 
hours, the percentage of washwater use: 
averaging 3.62 per cent in 1930. Thy 
bacterial reduction from river to filt 
effluent is 99.51 per cent, and aft 
chlorination at the filters it is 99.99 pe: 
cent. Prechlorination was introduced ii 
the summer of 1929, and this has re 
duced the bacterial load on the filters } 
90 per cent, with consequent furth: 
improvement in the effluent. The ave: 
age dose used is 0.5 p.p.m. Chlorination 
is also used on all suctions of the main 
pumps, the average dose being 0.2 p.p.m 

Capital expenditures in the interval 
1926-1930 were $1,244,813 for a rise in 
maximum hourly demand of 24 m.g.d 
implying an annual capital expenditure 
of $248,963 to keep pace with increas: 
in water demand. 

Distribution—The mileage of mains 
at the end of 1930 was 171.01. The 
main-laying program for each year is 
fixed by probable maximum demand, 
checked by pitometer surveys made 
every two years. As regards pipes, all 
larger mains are now of steel, unlined 
but protected outside by wrapping, a 
minimum cover of 3 ft. being provided 
everywhere. In common with othe: 
waterworks undertakings, increased 
vibration due to heavy motor traffic is 
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having its usual effects. Thus leaks per 
mile of main increased from 3.20 in 1929 
to 4.29 in 1930. - At present all indus- 
trial supply is metered. Local conditions 
demand a wet-dial meter where possible 
in the smaller sizes, but above the 3-in. 
size a dry-dial meter is necessary. 


All the works referred to have been 
carried out to the designs and under the 
direction of C. D. Pearson, engineer-in- 
chief and manager of The Shanghai 
Waterworks Co. Ltd., to whom the 
author is indebted for permission to 
make use of the above information. 





Letters to the Editor 


Public Works or Relief? 


Sir—In your last issue there was pre- 
sented a public-works program spon- 
sored by the American Society of Civil 
Engineers for the creation of employ- 
ment and consequent stimulation of 
business. Despite its promise of relief, 
this program leaves, in the minds of 
many, several questions as to its desira- 
bility and efficacy. 

Unemployment relief, or to put it more 
baldly, starvation, destitution and want 
are problems of today, demanding im- 
mediately food, shelter and employment. 
To find this immediate answer in public 
works, there would have to be given to 
city, county, state and even national 
officials dictatorial powers to make com- 
mitments for public loans and to call in 
architects, engineers, contractors and 
realtors; and assign, over the table, vari- 
ous groups of these for the immediate 
commencement of work. While it is 
claimed that plans for many of these 
projects are available, a large number 
would certainly require additional engi- 
neering services for the preparation of 
details, etc. Power practically to seize 
property, perhaps in some extra-legal 
manner, will have to be delegated to 
real estate and legal experts. Contrac- 
tors and builders will have to be selected 
arbitrarily. It is doubtful if even the most 
enthusiastic advocates of this plan can 
envision any such delegation of dicta- 
torial powers under the present set-up 
of our government institutions. 

If it is intended to go through the 
usual procedure of having voters ap- 
prove public works, of issuing bonds, of 
acquiring property by the usual legal 
methods, of involving the letting of con- 
tracts, and the routine now prevailing, 
a public-works program holds out really 
little hope of effecting its purpose 
promptly for the millions of men who 
are now walking the streets of our cities 
and the byways of our country. 

It is generally considered more de- 
sirable to create employment through 
normal commercial activity than through 
public works. A considerable smaller 
sum of public money used to revive or 
sustain commercial and private con- 
struction and activity would provide 
employment for a larger number of men 
with a better chance of such employment 
continuing or even increasing. Such 
use of public monies is illustrated by 
the recent loan through the Reconstruc- 
tion Finance Corp. of $27,000,000 to 


the Pennsylvania Railroad for electrifi- 
cation work. 

If public works are such a panacea 
for unemployment, why have they been 
so ineffectual in Germany and England? 
It is alleged that of the hundreds of 
millions borrowed from this country by 
Germany a large part of every dollar 
has been invested in a most extravagant 
program of public works, slum removal, 
waterworks, etc. Yet, according to fig- 
ures recently published, unemployment 
in Germany today has nearly doubled in 
the past decade. Similarly, England 
several years ago embarked upon a wide- 
spread system of housing construction 
looking to the relief of its unemployed; 
but finally turned to direct relief in the 
form of the much-criticized dole. 

These failures in themselves are cer- 
tainly a warning to be sure that condi- 
tions in this country are sufficiently 
different politically and psychologically 
to insure that a public-works program 
would really accomplish the purpose of 
relieving unemployment promptly on a 
large scale. 

Passing to the effects of this plan on 
general business, to accomplish its pur- 
pose such a program must be put into 
effect immediately and fully. As _ its 
foundation, however disguised, is a large 
increase in public debt, this would mean 
the immediate flooding of the invest- 
ment market with new bond issues to 
the huge total of a billion and a half 
dollars in local or possibly national 
issues, Such bonds, to be attractive, 
would presumably have to bear a higher 
rate of interest than similar current 
obligations and even then possibly re- 
quire an emotional appeal to patriotism 
comparable to the sale of Liberty Loans. 
This would cause a further unsettlement 
in existing values of public and private 
investments issues. 

From the very nature of these enter- 
prises, they must be created in their 
entirety with full-fledged overhead 
charges of interest and amortization, 
starting practically from their com- 
mencement. In other words, the inter- 
est and amortization charges of many of 
these works would have to be added, 
for a time at least, to the tax burden of 
the people, at a time when nearly 
everyone is hard put to meet current 
expenses. 

While intelligent men are emphati- 
cally convinced of our government's 
financial soundness, many sinister in- 
fluences are seizing on every pretext to 
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undermine public confidence in the 
United States gold and financial posi- 
tions. A huge program of forced bor- 
rowing would add fuel to this fire. 

There is one further phase that may 
well be considered—our moral responsi- 
bility to the next generation and pos- 
sibly even their children. While we are 
unquestionably, in some measure, pay- 
ing the price ourselves of the economic 
folly of the World War, we, and all 
the other peoples of the world, are pass- 
ing on a terrible burden of debt and 
obligation. Because of our own present 
distress, have we the right further to 
borrow ourselves out of difficulties and 
pass an added problem on for solution? 
It may be answered that the debts now 
proposed will be self-sustaining, but, as 
before stated, they are a forced charge 
on the income of the country, and in so 
far as they are created in advance of 
normal requirements and needs they 
would constitute a serious and abnormal 
demand upon the country’s income. 

It is fully recognized that many con- 
structive and intelligent influences may 
be properly used to quicken the action 
of economic re-adjustment. Such efforts, 
however, should be more in the nature 
of aiding, sustaining and stimulating 
normal commercial and business activ- 
ity and values. To this end, the Recon- 
struction Finance Corp., with its con- 
stantly widened powers to help private 
business, is now effectively working. 
Will a huge public-works program at 
this time help or hinder these construc- 
tive measures already set up? 

In conclusion, the writer wishes to 
state that he fully appreciates the im- 
portance of public works in the recov- 
ery program of the country provided 
they are not of the hot-house variety— 
that is, forced or stimulated as addi- 
tional facilities upon communities not 
actually in need of them. Also, that 
where needed public works may be 
promptly undertaken by communities 
that are able and willing to finance 
them, they will ultimately constitute a 
helpful factor for unemployment relief 
and business activity. But this is en- 
tirely different from the national pro- 
gram of public works, induced upon 
communities by the national government 
and backed by the implied use of na- 
tional credit on a huge scale. 

Furthermore, in the matter of unem- 
ployment and destitution, why not face 
the real fact that direct relief through 
public monies to supplement private 
funds will have to be provided imme- 
diately ? 

The writer regrets that the limitation 
of space prevents a discussion of the 
existing agencies and forces making for 
business recovery and a consideration 
of certain further measures that would 
contribute, through public monies and 
legislation, to the further revival of 
business and commercial activities. 


Wma. Josuua Barney. 


New York City, 
June 6, 1932. 
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NEWS OF THE WEEK 





Accident in River Cofferdam 
Declared Unavoidable 


In the opinion of the district engineer 
in immediate charge of the work on the 
government dam at Marmet Lock, on the 
Great Kanawha River, the recent land 
slide there which caused the death of six 
men (ENR Apr. 28, p. 631) resulted from 
“an inherent hazard in this class of con- 
struction work.” The contractor, the dis- 
trict engineer, says had taken every rea- 
sonable precaution to properly slope the 
bank and protect his men. Major Fred 
W. Herman, the district engineer who 
made the report, holds positively that the 
accident was unavoidable. 

The Dravo Contracting Company of 
Pittsburgh, the contractor on this project, 
is engaged in the construction of lock B 
at the site mentioned. Foundations were 
being prepared for the placing of concrete. 
The common excavation had been removed 
from the rock surface to permit of the 
channeling and drilling of the rock. The 
slide was caused by ground water softening 
a clay pocket in the bank. _There had been 
some slides at this point during the high 
water period in March but the material in 
those slides had been removed and new 
bank slopes had been established. 

There were two slides on April 23, the 
date of the accident. The first occurred at 
9:30 p.m. when 900 cu.yd. of earth slid 
into the excavated area. It covered two 
men who were operating a jack hammer 
and a channeling machine. At 9:55 p.m. 
when 25 men were in the hole digging for 
the covered bodies a second slide of 1,100 
cu.yd. of earth, occurred. The two men 
first covered died as did four members of 
the rescue squad. Seven other members of 
the squad were injured. Setween the 
time of the first and second slides an in- 
spection had been made of the bank and 
there was no evidence of a further move- 
ment of material. 
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Winter Road Maintenance Found 
to Pay in Canadian Provinces 


The annual interprovincial highways con- 
ference sponsored by the Canadian Good 
koads Association was held in Ottawa, 
May 30 and 31. In addition to the dele- 
gates from the federal and provincial gov- 
ernments, representatives were present 
from the Board of Railway Commissioners, 
the Canadian Pacific Ry., the Canadian Na- 


tional Ry., the Canadian Engineering 
Standards Association and the Canadian 
Automobile Association, 

Discussion on winter road maintenance 


brought out the statement that there is a 
constantly increasing demand on the part of 
the public. for winter roads. The Quebec 
Roads Department maintained 387 miles 
of roads last winter at a cost of $250 per 
mile, while Ontario maintained 3,000 miles 
at a cost of $75 per mile. Ontario's ex- 
perience was that the winter tourist traffic 
was increasing yearly, and that last winter 
its volume was 40 to 50 per cent of the 


summer traffic. The Ontario system of 


winter maintenance is self-supporting, the 
cost being fully met by the increased collec- 
tion of gasoline tax. 

A report was forwarded from Nova 
Scotia on a series of tests of dust layers or 
gravel road preservatives conducted in that 
province. The three materials used were 
oil, calcium chloride, and Malagash salt, 
and of these the calcium chloride was 
stated to have proved most satisfactory. 
This experience coincided with that of other 
road authorities. 

Reports presented showed that legislation 
affecting highways and public safety passed 
in various provinces during the past year 
included reciprocity in commercial registra- 
tions, increasing headlight beam lengths to 
200 ft. from 150 ft., financial responsibility 
measures and regulation of tourist camps 
and information bureaus. 
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Chinese Dykes Reconstructed 


Approximately 2,000 miles of dykes have 
been reconstructed in the Chinese flooded 
areas in recent months according to a 
report to the Department of Commerce. 
The reconstructed dykes are expected to 
provide adequate protection unless the sum- 
mer has some abnormally heavy rains. 
The Commerce Department is also advised 
that normal railway passenger service has 
been resumed in the Shanghai area. 





New Port for Ocean Vesse!, 
at Albany, N. Y., Dedicated 


New facilities for ocean-going v« 
which have been under constructic 
Albany, N. Y., during the past six , 
were formally dedicated June 6-7. © 
ing of the port to ocean-going vessel. 
been made possible by the deepening 0: 
river carried on by the federal govern 
and completed late last year. The 1 


is now open to vessels of 27 ft. draft fro» 


New York to Albany, a distance of 
miles. 

The new port at Albany has a whari 
of 4,400 ft., a harbor depth of 35 it 
turning space for 1,000 ft. vessels 
250,000 sq.ft. of transit sheds and w: 
houses. The principal feature of the | 
is a grain elevator of 13,000,000 bu- 
capacity, said to be the largest single-u 
elevator in the world. Opposite Alba 
on the Rensselaer side of the river, is 
modern lumber terminal with © stor: 
capacity for 100,000,000 f.b.m. of lumbe: 

Part of the port has been in use 
some time. It is expected that it \ 
develop a large business im handling freig! 
coming down from the Great Lakes by bot! 
rail and barge for transshipment to ocean- 
going vessels. The total cost of the pri 
ect is placed at $18,500,000. 

Arnold G. Chapman, Albany, is engi- 
neer for the Port District Commission 





Colorado River Aqueduct Bonds 
Approved by State Supreme Court 


HE California Supreme Court, in a 

decision rendered June 2, upheld the 
validity of the $220,000,000 bonds to be 
issued by the Metropolitan Water District 
of Southern California to finance the con- 
struction of an aqueduct to bring water 
from the Colorado River to cities of 
southern California. The decision becomes 
effective 30 days after its publication. 

In September of last year, the 13 cities 
composing the Metropolitan Water Dis- 
trict of Southern California, by a vote 
of 5 to 1, authorized this bond issue to 
build the aqueduct. In November a tax- 
payers’ suit was begun in Los Angeles 
and subsequently on appeal from the fav- 
orable decision of the lower court -was 
taken to the State Supreme Court in order 
to establish the validity of the bonds before 
undertaking to market them. 

The project calls for an aqueduct de- 
signed for an average flow of 1,500 sec.-ft. 
from the Colorado River near Parker, 
Ariz., over the high areas lying between 
the river and the Los Angeles basin, a 
distance of approximately 240 miles. 
Power for pumping will be obtained prin- 
cipally from Hoover Dam. The aqueduct 


will be made up of tunnels, open channels 
and pressure conduits. 

F. E. Weymouth is general manager 
and chief engineer of the Metropolitan 
Water District of Southern California and 





at the present time Julian Hinds, the chi 
designing engineer, is acting chief engincer 

W. P. Whitsett, chairman of the board 
of directors of the district, in commentt- 
ing upon the court decision, said: “Until 
this decision has been made final, it will 
be impossible, of course, for the district 
to proceed with the sale of any of the 
aqueduct bonds. Work on the aqueduct 
cannot be started until a block of thes 
bonds has been sold. In the meantime. 
every effort is being made by officers 0! 
the district to hasten any step that needs 
to be taken to set the work actually under 
way. 

“At the present time, the Metropolitan 
Water District is presenting to Congres- 
and federal officials the urgent recommen- 
dation that the aqueduct bond issue, i! 
whole or in part, be taken up by the 
Reconstruction Financé Corporation i» 
Washington, and the financing of our 
water project be thus hastened. Becaus 
of the fact that the Colorado River aque 
duct will call for the purchasing of ap- 
proximately $100,000,000 in materials, sup- 
plies and equipment, and will provide 
another $100,000,000 in payrolls for about 
10,000 men over a six-year period, we 
feei that this undertaking is one which 
most properly should be encouraged and 
facilitated through the medium of the fed- 
eral financing corporation.” 














Ora 
mb¢ 


chic 
heer 
oard 
1ent 
Inti! 
will 
trict 
the 
duct 
hes 
ime, 
s of 
eels 
nder 


itan 
ress 
nen- 
yi 
the 
1)? 
our 
Aus¢ 
jue 
ap- 
up- 
vide 
out 
we 
uch 
and 
fed- 





June 9,1932 — Engineering News-Record 


Supreme Court Makes Significant 
Ruling in Kansas Motor Vehicle Case 


HE MOTOR vehicle law of Kansas, 

passed in 1931, was upheld by the 
United States Supreme Court on May 23 
—as briefly noted in Engineering News- 
Record of May 26. Because the Kansas 
law represents one of the first attempts 
by a state to regulate the operation of 
private motor vehicles on its highways, 
the Supreme Court findings are of nation- 
wide significance. The opinion of the court 
was rendered in an appeal from a final 
decree of the District Court of the District 
ef Kansas which dismissed the bill of 
complaint in a suit brought to restrain the 
enforcement of the motor vehicle act of 
Kansas by the Continental Baking Co. 
and others who are described as “private 
motor carriers of property,” operating 
bakeries in Kansas and other states and 
making deliveries to their customers by 
their own trucks. 

The statute in question relates to motor 
vehicles when used upon any public high- 
way of the state for the purpose of trans- 
porting persons or property. It applies 
to those who are engaged in such trans- 
portation as “public motor carriers” of 
property and passengers, “contract motor 
carriers” of property and passengers, and 
“private motor carriers of property.” A 
public motor carrier is defined as one 
transporting for hire as a common carrier 
having fixed termini or routes, a contract 
motor carrier of property is defined as 
one who is not a public motor carrier and 
is engaged in transportation for hire as a 
business, and a private motor carrier of 
property is one transporting “property sold 
or to be sold by him in furtherance of any 
private commercial enterprise.” 

“The act does not apply to (1) motor 
carriers operating only within any city or 
village of the state, (2) private motor 
carriers operating within a radius of 25 
miles beyond the corporate limits of the 
city or village, (3) the transportation of 
livestock and farm products to market by 
the owner thereof or supplies for his own 
use in his own motor vehicle, and (4) the 
transportation of children to and from 
school. 

Public motor carriers in intrastate com- 
merce must obtain certificates of conve- 
nience and necessity. Contract motor car- 
riers and private motor carriers of prop- 
erty either in intrastate commerce or in 
interstate commerce must obtain licenses. 
Applications therefor must give informa- 
tion as’ to ownership, financial condition 
and equipment, and such further facts as 
the Public Service Commission may request. 
The commission is required, upon receipt 

' this information and on compliance 
with the regulations and payment of fees, 
to issue a license. 

In addition to license fees, public®motor- 
carriers, contract motor carriers, and pri- 
vate motor carriers of property must pay 
a tax of five-tenths mill per gross ton 
mile. Every motor carrier covered by 
the act must keep a record, upon prescribed 
forms, of all vehicles used and must cer- 
tify under oath summaries showing the 
ton-miles traveled monthly and such other 
information as conditions may require. 

Of the money received under the pro- 
visions of the act, 20 per cent is to be 
pplied to administration and enforcement 


and the remainder is to be placed to the 
credit of the state highway department. 
No certificate or license is to be issued by 
the commission to any of the described 
motor carriers until a liability insurance 
policy approved by the commission has 
been filed. 

The general situation to which the statute 
is addressed is thus described by the dis- 
trict court: “The state of Kansas has con- 
structed at great expense a system of 
improved highways. These have been built 
in part by special benefit districts and in 
part by a tax on gasoline sold in the 


state and by license fees exacted of all 


shes alien 
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NEW YORK’S NEWEST SKYSCRAPER 


By virtue of a taller flagpole the new 
67-story Cities Service Building in the New 
York financial district replaces the nearby 
Manhattan Company building (in the back- 
ground of the picture) as the third tallesc 
building in the world, exceeded only by 
the Empire State and Chrysler buildings. 
The outstanding innovation in the Cities 
Service Building is the use of 8 double- 
deck elevators developed by the Otis Ele- 
vator Co. and said to increase the rentable 
area by 48,000 sq.ft. over a single-car in- 
stallation. The lower deck of a car will 
serve odd numbered floors, the upper deck 
the even numbered floors. The building 
also includes ten escalators, serving the 
lower floors and a unit ventilating system 
drawing outside air over radiators beneath 
the windows and delivering it to all rooms 
in wall and ceiling ducts. 


resident owners of automobiles. The pub 
lic highways have become the roadbeds oi 
great transportation companies, which are 
actually and seriously competing with rail 
roads which provide their own roadbeds 
they are being used by concerns such as 
the plaintiff for the daily delivery of their 
products to every hamlet and village in 
the state. 

“The highways are being pounded t 
pieces by these great trucks which, com 
bining weight with speed, are making th« 
problem of maintenance well-nigh impos 
sible. The legislature but voiced the senti 
ments of the entire state in deciding that 
those who daily use the highway for com 
mercial purposes should pay an additional 
tax. Moreover, these powerful and speed 
trucks are the menace of the highway.” 

It is apparent said the Supreme Court 
that Kansas in framing its legislation t 
nieet these conditions did not attempt to 
compel private carriers to become public 
carriers. The legislation did not purport 
to put both classes of carriers upon an 
identical footing and subject them to the 
same obligations. It recognized and ap 
plied distinctions. Public or common cat 
riers and not private carriers are required 
to obtain certificates of ‘public convenienc 
and necessity. The former and not the 
latter are put under regulations as to fares 
and charges. It does not appear from the 
bill of complaint that any regulation had 
been prescribed, or that the commission 
has made any order, of which private cat 
riers may complain. 

“The statute itself, however, does im 
pose certain obligations upon private motor 
carriers of property, and the first question 
is whether these provisions violate the 
constitutional restrictions invoked. 

“Private motor carriers of property 
must obtain a license, pay a tax, and file 
a liability insurance policy. The Public 
Service Commission has no authority to 
refuse a license if the prescribed informa- 
tion is given and the liability insurance 
policy filed. It is not shown that either 
regulation or license fee are unreasonable 
Che tax and license fee, over the expenses 
of administration, go to the highway fund 
of the state for the maintenance and recon- 
struction of the highway the carrier is 
licensed to use. 

“The insurance policy is to protect the 
interests of the public but only to protect 
third persons from injuries to their per- 
sons or property. 

“Requirements of this sort are clearly 
within the authority of the state which 
may demand compensation for the specia! 
facilities it has provided and regulate the 
use of its highways to promote public 
safety. Reasonable regulations to that ‘end 
are valid as to intrastate traffic and, where 
there is no discrimination against the inter- 
state commerce which may be affected, do 
not impose an unconstitutional burden upon 
that commerce. 

“Whatever uncertainty may exist with 
respect to possible regulations of the com- 
mission will be resolved as regulations are 
promulgated. If any of these transcend 
constitutional limits, appellants will have 
their appropriate remedy. The provision 
as to keeping records and to maintaining 
uniform methods of accounting may in the 
case of private carriers be assumed, until 
the contrary appears, to have relation, as 
the state authorities assert, to determi- 
nation of the amount of the tax to which 
the private carriers are properly liable” 
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Bids Made tor Flood 
Control Bonds 


An offer to purchase $2,000,000 in* bonds 
issued by the county board of supervisors, 
Los Angeles, Calif., for the initial work 
on dam No. 1 of the county flood control 
project was made by the Bank of America 
June 3. No bids were received when the 
bonds were first offered on June 1. 

The estimated cost of constructing dam 
No. 1 is $10,000,000. Exploration work 
at the site of the dam has been in progress 
for some time. Contract for the construc- 
tion of dam No. 2 was let in March. 

The original flood control project on the 
San Gabriel River called for a dam 500 ft. 
high at the so-called Forks site. After 
considerable work had been done upon the 
preparation of that site it was abandoned 
on account of unfavorable geological for- 
mations and the construction of two smaller 
dams at more favorable sites was deter- 
mined upon. 
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Unusually Low Typhoid Record 
in American Cities in 1931 


Twelve of the 93 American cities of 
100,000 population and over recorded no 
typhoid deaths in 1931, according to the 
twentieth annual report on “Typhoid in 
Large Cities of the United States” pub- 
lished by the Journal of the American 
Medical Association on April 30. Ar- 
ranged geographically these cities were: 
Cambridge, Fall River, Lynn and Somer- 
ville, Mass.; Waterbury, Conn.; Utica, 
N. Y.; Reading, Pa.; South Bend, Ind.; 
Flint, Mich.; Wichita, Kan.; Des Moines, 
Iowa; and Long Beach, Calif. Fifty of 
the remaining cities had death rates of 
from 0.2 to 1.9, making 62 of the 93 
cities, or exactly two-thirds, in the 0 to 
1.9 class. Next come 23 cities with rates 
of 2 to 4.9; then 6 rating at 5.4 to 7.3; and 
finally two above 10—Atlanta, 12.6 and 
New Orleans, 13.9. The showing for the 
maximum rate cities is made better by the 
fact that one-third or more of their deaths 
were stated to be non-residents, a condi- 
tion applying to 18 other cities. In five 
other cities all the deaths reported were 
classed as non-residents. 
i> 


Economics of Railway Track Ties 
Discussed by Tie Producers 





Technical, economic and trade subjects 
were included at the annual convention of 
the National Association of Railroad Tie 
Producers, at Memphis, Tenn. An eco- 
nomic comparison of large’ and-small ties 
was presented by E. A. Hadley, chief 
engineer of the Missouri Pacific R.R., in 
the discussion of which it was shown that 
as different sizes are necessarily produced, 
restriction of purchase to large sizes ex- 
clusively would result in material increase 
in prices. A comparison of different kinds 
of timber for ties must be based upon 
strength, durability and such physical char- 
actertistics as hardness, resistance to abra- 
sion and tendency to checking, according 
to a paper by Hermann Von Schrenk, con- 
sulting engineer. Protection against abra- 
sion will extend the use of softwood ties 
and increase the life of treated ties. That 
railroads are depleting their stocks mate- 
rially was shown by E. T. Howson; while 
they used ties valued at $70,000,000 during 





1931, they spent only $47,500,000 for new 
ties. 

The relations of tie contractors to rail- 
road purchasing departments were dis- 
cussed by R. C. Hobbs. An important 
development was in initiating action for 
compiling periodical records of ties on hand 
in the stocks of producers and railroads. 
Officers elected for 1932-1933 include: 
President, S. S. Watkins, of the Joyce- 
Watkins Co., Chicago; vice-presidents, 
B. N. Johnson, Richmond, Ind., and D. C. 
Jones, Chicago; secretary, re-elected, Roy 
M. Edmonds, St. Louis, Mo. It is proposed 
to shorten the name to Railway Tie Asso- 
ciation, as a matter of convenience. 
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Highway Engineers to Rotate 


A system of rotating the various divi- 
sion engineers is contemplated by G. H. 
Cutler, chief engineer of the Missouri 
Highway Commission. If the plan meets 
with the commission’s approval, the first 
general change will be made within the 
next few months. In this way it is ex- 
pected to make the district engineers 
familiar with conditions to be met through- 
out the entire state. 


Finding of Original Cost by 
Power Commission Approved 


The right of the Federal Power Com- 
mission to determine the original cost of a 
power development built under a_ license 
from the commission and to use its find- 
ings in place of statements of original cost 
prepared by the licensee was affirmed by 
the Court of Appeals of the District of 
Columbia on May 31. 

The subject of the commission's rights 
in this matter was brought before the court 
by the Clarion River Power Co. which 
in 1922 received a 50-year license from 
the commission to develop what is known 
as the Piney site on the Clarion River im 
Pennsylvania. In 1930 the company filed 
a statement with the commission represent- 
ing the cost of constructing the project 
at $11,032,816. The accounting division of 
the commission’s staff investigated this 
statement and recommended to the com- 
mission that $6,213,904 be eliminated from 
this cost figure. The company protested 
and carried the case to court to determine 
whether the commission was authorized by 
the Federal Power Act to make such a 
finding. The company contended that the 
commission was required to accept the 
company’s own statement of its expendi- 
tures. On this point the court said, “The 
statute requires the licensee to submit to 
the commission statements covering net 
investment and costs of the project, and 
we think it plain that the purpose of re- 
quiring the licensee to make” provision for 
currently determining the cost is to enable 
the commission as the administrative body, 
not the licensee, currently to make such 
determination. It follows, therefore, that 
the commission. in making the investiga- 
tion to determine the original cost and net 
investment of the Clarion Company in the 
Piney project was acting within its juris- 
diction and, hence, is not subject to the 
control of the court.” 

The point at issue has been the subject 
of controversy between the commission and 
some of the licensees for some time as the 
commission’s findings have frequently been 
lower than those of the power companies. 
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Public Works Construction Ady . 
cated Before Chicago Enginec:s 


The Chicago Engineers Club, Ma 
at its regular Tuesday luncheon lis: 
to Frederic Bass, professor of mun 
and sanitary engineering, Universit: 
Minnesota, speak on current pro! 
Professor Bass advocated a plan of ; 
work wherein enough men shall be 
enough work to reverse the falling 
of business. He advised that the fe 
government should focus the pot 
power of idle people and idle money i), « 
plan of concerted action. A _ plan {or 
municipal public work of $3,000,000 ,009 
would give work to 1,500,000 directly and 
2,000,000 additional indirectly. Financing, 
he felt, should be federally initiated \;: 
a credit agency taking municipal bonds for 
self-sustaining programs only. The ; 
he said was not enough. There must | 
belief in its ultimate success. With + 
determination the nation can relieve 
losses, meet its obligations and establis) 
its future, in security. 


-+ 





2, 
fo -- 


Two Engineers Retire From 
Pennsylvania Railroad Service 


W. C. Cushing, engineer of standards, 
and William B. McCaleb, general supe: 
intendent of water service, Pennsylvania 
Railroad, were retired on May 31. Mr 
Cushing had been in the service of t! 
railroad for 44 years and Mr. McCale) 
for 52 years. Both entered the service in 
junior positions in the engineering depart- 
ment. A_ considerable part of Mr 
McCaleb’s time was spent in the operatin 
department, including 15 years as super 
intendent at Harrisburg. Mr. Cushing is 
best known for his active work in thi 
Amkrican Railway Engineering Associ 
ation, of which he is a past president and 
an honorary member. With the exception 
of a few years in the operating depart 
ment, Mr. Cushing’s service with the rail- 
road has been continuously in the engineer- 
ing department. In °1903 he was mace 
chief engineer of maintenance of way on 
lines west and in March, 1920, he was 
appointed engineer of standards on the 
staff of the chief engineer at Philadelphia 
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Locomotives Delivered for 
Newly Electrified Line 


The first experimental units of the Penn 
sylvania Railroad’s new electric freight 
locomotives which will go into operation 
upon the completion of the electrificatio 
of the railroad between New York and. 
Washington have been delivered. 

Except for the experimental steam loco- 
motive built by the Timken Roller Bear- 
ing Co® these are the first locomotives t» 
be built with roller bearings. The new 
locomotives weigh 185 tons and are de 
signed to haul longer trains at higher 
speeds than has been found economical 
with steam locomotives. Each unit has 
four pairs of 62-in. driving wheels, eac!) 
equipped with a moter. They are so d 
signed that two or three units can be coni- 
bined under the control of one engirema! 
All parts as far as possible are made inter 
changeable with the railroad’s new electr: 
passenger locomotives. 
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Dean Milo S. Ketchum Honored 


The staffs of the College of Engineering 
and the Engineering Experiment Station 
of the University of Illinois gave a dinner 
on May 25, 1932, in celebration of a decade 
of progress of the College of Engineering 
under the guidance of Milo S. Ketchum as 
Dean of the College of Engineering and 
Director of the Engineering Experiment 
Station. Short addresses were made by 
A. N. Talbot, Assistant Dean H. H. Jor- 
dan, and Professor W. C. Huntington. 
Professor A. C. Willard presented an 
illuminated parchment to Dean Ketchum 
on behalf of the members of the staffs of 
the College of Engineering and the Engi- 
neering Experiment Station. 


2 
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New Road to Be Built in 
San Gabriel Canyon 


Bids will be opened in San Francisco, 
Calif., on June 16 for the construction of 
the proposed new San Gabriel Canyon 
highway made necessary by the construc- 
tion of Pine Canyon dam by the city of 
Pasadena, Calif. The highway will re- 
place the present road along the floor of 
the canyon. It will be 7.1 miles long, with 
a width of 28 ft. The estimated cost is 
$1,300,000. The road is expected to be a 
scenic drive and will include a number of 
reinforced concrete bridges spanning side 
canyons and ravines. The city of Pasadena 
and the Los Angeles County Flood Con- 
trol District each will contribute forty per 
cent of the cost. The California Highway 
Commission and United States Bureau of 
Public Roads each will pay ten per cent. 
The new road will be maintained by Los 
Angeles county. 
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Century of Progress Exposition 
Dedicates Hall of Science 


One year in advance of the opening of 
the Century of Progress Exposition at 
Chicago, June 1, the Hall of Science, hav- 
ing 7 acres of exhibit space, was dedicated 
by Frank B. Jewett, chairman of the sci- 
ence advisory committee of the National 
Research Council. Mr. Jewett headed a 
board of 400 advisory experts who out- 
lined the scope of the particular sciences 
they represented. Many prominent engi- 
neers are on the list. Mr. Jewett'’s remarks 
unfolded the basic principles back of the 
exposition. 

In addition to the Hall of Science, already 
standing or virtually completed of the 
World's Fair structures, are the Adminis- 
tration building, the Travel and Transport 
building, the replica of Old Fort Dearborn, 
the Radio, Communications and Electrical 
buildings. Construction has recently started 
on the General Exhibits group and_ the 
Agricultural group. A _ bridge over the 
lagoon connecting the Hall of Science and 
Electrical group is under way. Storm 
drains, sewers and water mains are being 
laid near the Hall of Science which are 
the beginnings of a sanitary system to 
serve 1,000,000 visitors a day. Working 
plans are being completed for the States 
building, which will house the exhibits of 
40 states. The Lincoln group nearing com- 
pletion will be opened to the public this 
summer. A Chinese Lama temple is now 


being reproduced. It is finished with 
copper shingles and covered with gold 
leaf. The $1,250,000 General Motors 


building has been started and the Chrysler 
building will soon be under way Plans 
are being drawn for the Sears, Roebuck 
building and the Illinois building. 

L. R. Lohr, general manager, states that 
189 contracts have been signed with the 
foremost industrial corporations of the 
country for exhibit space. Advance pay- 
ments of $1,390,000 have been received ot 
the $1,816,000, value of the contracts. He 
looks forward confidently to full comple 
tion well before June 1, 1933. 


Municipal Bond Trends 


Interest Rates Favorable but Sales 
and New Authorizations Small 


Interest rates during May on municipal 
bonds backed by good credit conditions 
continued along the improved favorable 
lines of April sales (ENR, May 12, p. 
707). Resales by first buyers showed some 
yield rates well below the coupon rates, 
such as 3 to 4.15 for 4}’s of Albany, N. Y. 
Contrariwise, Paterson, N. J., on nearly 
$2,000,000 of 1934-72 bonds is to pay 6 per 
cent and the resale yield price is 5.6. Phil- 
adelphia in the financial doldrums for 
months past, had offers on June 3 for 
only $107,500 of a proposed $20,000,000 
issue at 5 per cent. 

For the entire month of May, The Daily 
Bond Buyer summary shows, municipal and 
state bond sales totalled $84,885,584, or 
well under the previous low record of 
$102,380,755 in May, 1923, and only half 
the sales for May, 1931. For the first five 
months ef 1932 the sales were $410,875,349. 
compared with $729,489,543 in 1929, and 
with $445,046,932 in 1928. 

New bond issues were voted on in 49 
communities during May, with 36 adoptions 
and 13 defeats. The adoptions totaled 
$10,169,389, but four issues provided all 
but $919,389 of this total. The 13 defeats 
applied to a total of $1,862,000, most, of 
which were in three communities. 
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Asphalt Substitute Developed 


The development of a substitute for 
asphalt at the Prague Gas Works is re- 


ported to the Commerce Department by the 


trade commissioner located at Prague, 
Czechoslovakia The substance is com 
posed principally of coal tar and a specia 
kind of crushed stone. A company ha 


been organized to undertake the manufac 
ure of the new material for experimenta 
use in city streets and on country road 
outside the city Czechoslovakia has no 
domestic source of asphalt. 


o 
— 


New Orleans Drainage Canals 
to Be Enlarged 


Because of recent heavy rainfall, whicl 
overtaxed the capacity of the drainags 
system of New Orleans, steps are being 
taken by the city sewerage and wate: 
board to enlarge the two major drainage 
canals at an expenditure estimated at 
$200,000. Work of enlarging the Orleans 
outfall canal will be started immediately 
and will cost about $25,000. The major 
project will be the enlargement of — the 
London Ave. canal, which will cost about 
$175,000. Work on this project will be 
started as soon as funds are available 
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Construction Contracts 


Total value of engineering construction 
contracts reported for the week of June 9, 
1932, compared with figures of a year ago, 


follow: 
(Thousands of Dollars 
Week of Average Week 
June 9 June, June 
Construction: 1932 1932 1931 
Federal government $21,266 $11.323 $5,039 
State and municipal 15,833 12.236 26,394 
Total public $37,099 $23.559 $31,434 
Total private 6,788 5.856 17,647 


$43,887 $29,415 $49,081 
| to June 9: 


$513,166 
1,292,796 


Week's total 


Cumulative Construction, Jan 
1932, construction 
1931, construction. 


Decrease, 60 per cent 





ih i? 


ENGINEERING SHOW AT JOHNS HOPKINS 


In signalizing the 20th anniversary of the 
founding of the engineering school at Johns 
Hopkins University, a public exhibition of 
the school’s laboratory and research equip- 
ment was held on May 6 and 7. The 
object of the exhibition was to acquaint the 
community at large and especially its 
younger members with some phases of the 
various fields of engineering. The civil, 


electrical, gas and mechanical engineering 


departments cooperated in presenting the 
exhibition. 

The civil engineering department's display 
included a series of models depicting the 
historical development of the railway bridge, 
an impact machine used in highway re- 
search, typical equipment used in water 
purification and sewage treatment and in- 
struments for the measurement of structural 
stresses and deflections. 
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Pavement Repair Prices Fall 


Low bids for the repair of asphalt pave- 
ment in Buffalo, N. Y., submitted by the 
Rock Asphalt & Construction Co. for the 
year beginning July 1, indicate that repair 
work will be carried out at a cost of $0.435 
per square yard. This figure, according to 
Harry Glassmire, assistant city engineer, 
compares with 50 cents paid during the 
present year and the cost of $1.92: per 
square yard under the plan in effect in the 
year 1930-31. 


Unknown Drain Causes Leak 
in Water Supply Reservoir 


Leakage from LaGrange Lake, the new 
water supply reservoir for LeRoy, N. Y., 
which recently caused concern to the 
municipal authorities, was found upon par- 
tially draining the reservoir to be caused 
by an old line of agricultural drain tile 
under the dike at the north end of the dam 
which had not been discovered when the 
dike was built. The leakage was stopped 
by plugging the tile with concrete. 


2, 
-— fo. --- 


Cement Association Warns 
Against Use of Sugar 


The Portland Cement Association has 
issued a warning against the use of sugar 
in commonly used portland cement-lime 
mortars in view of the wide dissemination 
of a report made to the American Chemi- 
cal Society at its recent meeting in New 
Orleans. The statement by the association 
follows: 


Through an Associated Press release, 
considerable newspaper publicity has _ re- 
cently been given to the increase in tensile 
strength of lime mortar briquets by the 
addition of sugar to the mixing water. 
The basis for this was a report by Gerald 
J. Cox and John Metschl, of the sugar 
fellowship, Mellon Institute of Industrial 
Research, presented at the April American 


Chemical Society convention in New 
Orleans. 

The results of tension tests on lime 
mortar briquets at the age of six months 
were reported. A 60 per cent increase was 
obtained in the tensile strength of lime 


mortar by means of sugar additions up to 
6 per cent, by weight, of the lime putty. 

A number of different newspapers have 
rewritten this Associated Press release so 
that it implies that the addition of sugar 
to all types of mortars is beneficial. Mr. 
Cox specifically states: “The description 
of our work and our recommendations 
apply only to lime-sand mortar. Our search 
of the literature has revealed about 70 re- 
ports on the effect of the addition of sugar 
to portland cement. The authors are 
unanimous in their findings that cane sugar 
ruins concrete made from portland cement 
and must not be used.” 

In view of its recognized harmful effect 
in portland cement mixtures, the addition 
of sugar in any quantities to the commonly 
used portland cement-lime mortars, 1-1-6 
and 1-1-4 mixes, should not be attempted. 


eames 


Personal Notes 


Atrrep D. Finn, director of the Engi- 
neering Foundation, New York, will re- 
ceive the honorary degree of doctor of 
engineering from Worcester Polytechnic 
Institute on June 17. Mr. Flinn is a grad- 
uate of the Institute in the class of 1893. 


R. C. Perkins, district engineer of the 
\rizona State Highway Department, has 
been appointed deputy state engineer, with 
office at Phoenix, Ariz., to succeed the late 
C. C. Small. 








Gustave A. LAUBENFELS, district engi- 
neer of the Chicago, Burlington & Quincy 
R.R., has retired after 55 years service 
with that road. 


F. L. LinpemutnH has been appointed 
chief engineer of the William B. Pollock 
Co., steel fabricators, Youngstown, Ohio. 
Mr. Lindemuth formerly was with the 
Mesta Machine Co., Perkin & Marshall 
and the Colorado Fuel & Iron Co. 


H. V. Scuterer, formerly associated 
with the R. H. Beaumont Co., is now as- 
sociated with the C. O. Bartlett & Snow 
Co. of Cleveland, Ohio, where he will 


specialize in equipment for bulk material 
handling. 


Frep A. Rocers, professor of physics 
and electrical engineering at the Lewis 
Institute of Technology, Chicago, has been 
appointed dean of the engineering faculty. 


W. C. Mutprow, formerly engineer- 
manager and secretary of Columbia Irriga- 
tion District at Kennewick, Washington, 
is now in the same position with Sunny- 
side Irrigation District at Benton City, 
Wash. This is the lower unit of the 
Sunnyside Division of the U. S. Reclama- 
tion Bureau’s Yakima Project. 


cicionies 


Obituary 


3oyp EHLE, civil engineer with Sander- 
son & Porter, consulting engineers, New 
York, died at his home at East Creek, 
N. Y., on June 5, aged 66. Mr. Ehle 
graduated from Cornell in 1886 and after 
a few years on railroad construction went 
to Nicaragua as chief of party ‘for the 
Nicauragua Canal Construction Co., 1889 
to 1893. Subsequently Mr. Ehle was chief 
of party for the Nicaragua Canal Com- 





SOCIETY CALENDAR 


AMERICAN SOCIETY FOR TESTING 
MATERIALS, annual meeting, Atlantic 
City, June 20-24. 

AMERICAN SOCIETY OF AGRICUL- 

TURAL ENGINEERS, annual meeting, 


Ohio State University, Columbus, Ohio, 
June 20-23, 1932. 


AMERICAN SOCIETY OF CIVIL ENGI- 
NEERS, annual convention, Yellowstone 
National Park, July 6-9. 


SOCIETY FOR THE PROMOTION OF 
ENGINEERING EDUCATION, 40th 
annual meeting, Oregon State College, 
Corvallis, June 29-July 1. 

CONNECTICUT CONFERENCE FOR 


REGISTRATION OF ENGINEERS AND 
ARCHITECTS formed in May (ENR 
May 19, 1932, p. 742) held its organization 
meeting on May 25 and elected Willard 
S. Conlon president, R. Lincoln Hedlander 
vice-president, J. S. Kelly secretary, and 
A. Mausaloff treasurer. The purpose of 
the organization is to promote public 
safety through the adoption of registra- 
tion laws for engineers and architects in 
the state of Connecticut and also to work 
for the general welfare of the profession. 


ENGINEERING SOCIETY OF BUFFALO 
at its annual meeting elected Gideon W. 
Swan president, Herbert M. Sharp vice- 
president, Calvin C. Bishop secretary and 
Rert A. Hansen treasurer. Edward D. 
Strickland is executive secretary of the 
organization. 


GRAND RAPIDS ENGINEERS’ CLUB, at 
its annual meeting held May 18, elected 
the following officers: Herbert  D. 


Straight, president, Earl R. Weeber, vice- 
president, 
treasurer. 


and Bernard Moll, secretary- 
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mission, 1897 to 1899 and then from 1s 
to 1901 he was principal assistant engir 
for the Isthmian Canal Commission. 

is stated that he was the only man w! 
took part in all the surveys for the trai 
isthmian canals. From May 1904 to M 


1905 he was resident engineer on 1 
Chagres division. In addition to his ca 
work Mr. Ehle was active in hydr 


electric and railway construction both 
this country and in South America. 


J. F. Girprn, veteran contractor in t! 
Northwest, and for the past three yea: 
president of the Gilpin Construction Co. « 
Portland and Astoria, Ore., died May 2 
1932. 


GeorcE W. TEAL, city manager « 
Boulder, Colo., for the past four year 
died May 30 at his home there after a 
illness of two years. Mr. Teal was bor 
in Manchester, England, in 1872 and can: 
to this country when eight years old. I] 
returned to Europe for his technical edu 
cation. Later he became prominent i 
engineering and mining circles in Colorad: 
He was county surveyor of Boulde: 
County for ten years and served as cit) 
engineer of Boulder for eight years. 


SeasurY G. PoLvarp, at one time super 
intendent of the water purification work oi 
Cincinnati and for many years active in 
the mechanical side of water supply work. 
died at his home in South Pasadena, Calif., 
on May 28. Mr. Pollard was a graduate 
of Cornell University in civil engineering 
and subsequent to graduation was with the 
Holly Manufacturing Co. and the Snow 
Steam Pump Works. Following his work 
with the city of Cincinnati, he was in 
consulting practice with J. W. Ellms 
About’ eight years ago he retired from 
active practice and went to southern Cali 
fornia to live. 


Frep Brown, for many years active on 
levee construction on the lower Mississippi 
River, died suddenly at Lake Charles, La., 
on May 30. Mr. Brown was a native of 
Canada and came to New Orleans about 
14 years ago as superintendent for the 
Ewin-Duluth Construction Co. 


Juttran M. Kennepy, for many years 
active in engineering for the steel indus- 
try, died in Pittsburgh on May 28. Mr. 
Kennedy recently was the recipient of the 
Gary memorial medal for conspicuous serv- 
ice to the steel industry. 


Atrrep B. NELSON, an engineer who be- 
fore his retirement from active practice, 
had devoted much of his time to electric 
railway construction, died in New York 
on June 4, a few hours after he was taken 
ill in the office of his son, an engineer 
located in New York. Mr. Nelson was 
formerly a resident of Trenton, N. J., but 
recently has been living on Long Island. 
He was a graduate of Rutgers College. 
class of 1879. 


Joun Latnc of Hamilton, Ont., for- 
merly one of the engineers employed on 
the construction of the Welland ship canal, 
died on May 24, in his 71st year: 


Joun A. Suarer died recently at his 
home in Newark, Ohio, at the age of 65 
years. He was a graduate of the Uni- 
versity of Indiana and had been active in 
engineering and construction work in that 
state for many years. 
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Construction 


Equipment 


and Matertals 


Twin-Spring Axle 
for Dual-Wheel Trailer 


A new type of twin axle for use with 
dual-wheel trailers and trucks has been an- 
nounced by the Fuhrman Trailer Co., Can- 
ton, Ohio. The new axle is featured by 
two full elliptic springs, one on top and 
one belew. the -axle, with one wheel on 
each side of the spring. It is claimed 





Fuhrman axle for trailers. 


that this construction allows both wheels 
on each individual axle to rotate freely, 
and if desired, it allows braking on both 
wheels. It is further claimed that the de- 
sign allows the tires to conform to road 
inequalities, giving the same amount ot 
weight on each tire. With an 8-{ft.-wide 
trailer, a distance of 60 in. is provided 
c. to c. of springs. 


2, 
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New Bridge-Floor Slab 
of Steel Tees and Cross-Bars 


A new type of bridge-floor construction 
known as Teegrid is announced by the 
rruscoy Steel Co., Youngstown, Ohio. 
It is light in weight and has sufficient 
strength and permanence to support the 
demands of traffic. The steel Teegrid slab 
is manufactured from structural tees placed 
side by side, with their flanges welded 


Teegrid floor on bridge in Allentown, Pa. 
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together and with triangular cross-bars 
pressure-welded into the top of the stems 
of the tees. The standard spacing of the 
cross-bars is 4 in. The space between the 
stems of the tees and beneath and around 
the cross-bars is filled with concrete, a 
steel-armored wearing surface being pre- 
sented by the top surface of the cross-bars 
and the stems of the tees. The steel slabs 
are manufactured in widths up to 4 ft. 
and in any desired length. Manufacturing 
standards provide for an are weld 2 in 
in length located between flanges in the 
tees and at the ends of the slabs and mid- 
way between each support. It is claimed 
that the welding makes the slab. stiff 
enough for handling and assures lateral 
distribution of load. 
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Gas-Driven Concrete Finisher 


A 3-hp. concrete bump grinder driven 
by a gasoline engine is the newest addi- 
tion to the line of flexible shaft equipment 
manufactured by the Mail Tool Co., Chi- 
cago, Ill. The new tool is used for grind- 
ing and finishing cement surfaces and also 
for such maintenance applications as re- 


Vv 
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Mal! Toot Co. concrete bump grinder. 


moving tar and asphalt from rollers and 
graders. Included in its construction is an 
adjustable spring-type mounting for the 
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axle spindle, which allows the cup grindn 

wheel to follow the nature of the surtac 

irregularity. The gas engine operates at 
2600 r.p.m., and i increased 
through the countershaft belt drive t 
3,500 r.p.m. at the shaft. Among the at 
tachments available for use with thes« 
grinders are a 7-ft. flexible shaft to fi 

cilitate grinding on vertical surfaces, an 
a speed reducer to allow the use of th 


tool as a gas-engine drill 


speed is 


Oxy-Acetyline Cutting Machine 


A new oxy-acetylene cutting machine has 
been announced by the Air Reduction Sales 
Co., New York City The new machiux 
is known as the Airco-D-B No. 4 Radia 
graph and is a successor to the samy 
company’s No. 1-A Radiagraph. The « 
riage of the machine has been redesigne 
to give a lower center of gravity and a 





Broad gage and low center of gravity pro- 
vided by new carriage design. 


broader gage. lhe manutacturer = state 

that there is no tendency for the machin 
to become unbalanced, even with the cut 

ting torch in its outermost position. Tw 

of the four carriage wheels are swiveled 
and act as trailers. The machine is drive 

by a 75-watt variable-speed motor. Either 
alternating or direct current, 110 or 220 
volts, will operate the machine. 
range of the carriage is from 3 to 38 in 
per minute. Circular, as well as straight, 
cuts can be mack 


The speed 
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Business Notes 


BETHLEHEM STEEL Corp. announces that 
Lackawanna steel sheetpiling, which it ha 
been manufacturing for years, will in the 
future be designated as Bethlehem ( Lacka- 
wanna) steel sheetpiling. Effective May 1 
the sale of this product will be handled 
by Kalman Steel Corp., a subsidiary of the 
Liethlehem Steel Corp. The Kalman Steel 
Corp. will also engage in the repurchas« 
and resale of used steel sheetpiling. The 
Pacific Coast Steel Corp. will handle this 
product in a like manner on the Pacific 
Coast. 

U. S. Bureau or STANDARDS, division of 
simplified practice, has announced that tie 
revised simplified practice recommendation 
R-105-32 covering wheelbarrows has _ re- 
ceived the required degree of acceptance 
from all interests in the industry and may 
be considered as in effect as of April 1, 
1932. In the original simplified practice 
recommendation, 41 sizes and types of 
wheelbarrows were listed: in the revised 
program this number was further reduced 
to 27. The division also announces that a 
proposed modification of simplified practice 
recommendation No. 57, on wrought-iron 
and wrought-steel pipe, valves and fittings 
by eliminating the 3}-in. nominal inside 
diameter pipe from table 3, “Double Exira 
Strong Pipe,” has just been mailed to a! 
interests in the industry for their considera- 
tion and written approval. All other diam 
eters and weights .in the present draft of 
the recommendation are to be retained 
without change. 








OST figures are given below of two Mid-Western ware- 
houses erected respectively in 1925 and 1927 and what 
they would cost today, as estimated by an Illinois contractor. 
The original estimates have been repriced and the figures 
are given separately for materials and labor. 
“Our wage scale,” says the contractor, “was the same in 


TABLE I — COSTS OF CONCRETE WAREHOUSE BUILT IN 1925 


Six stories and basement reinforced-concrete storage warehouse, round drop 
panel columns, flat slab, facebrick three sides, stone trim, five-ply tar and 
gravel roof. 


Per Cent 
Total Total Less -——~Material——~ -— Labor— . 
Item 8/30/25 4/1/32 1932 1925 1932 1925 1932 
General conditions $26,717 $21,862 18.1 $20,967 $16,112 $5,750 $5,750 
Excav. and wreck. 12,880 8.849 = 31.3 1,157 925 11,723 7,924 
Waterproofing 195 140 28.2 78 70 117 70 
Fonndations. . Fe oie ; 
Cement floors 158,181 128,997 18.4 99,873 80.728 58,308 48,269 
Reinforced conc . av clas 
Brick masonry. . 32,401 29,818 8.0 15,003 15,003 17,398 14,815 
Cuvstone.... . 8,838 6,006 31.9 6,900 4,690 1.938 1,316 
Tile fireproofing. . . 215 ee 5 Pe 139 89 76 76 
Rough carpentry. . 106 106 48 48 58 58 
Millwork... ; 865 865 548 548 317 317 
PRU co. hse. 394 eo ae 394 313 : acd 
Fireproof doors.... 4,184 3,938 5.8 3,469 3,223 715 715 
Steel sash Peet ate 1,452 1,295 10.7 1,037 1,037 415 259 
Sheet metal 386 362 6.2 386 wen rs ees 
Roofing........ 1,581 1,488 6.4 1,581 Gee 5 on ees 
Steel joists and 
Dic. ecseceNss 543 493 9.2 495 445 48 48 
Scuppers......... 601 545 9.3 568 542 33 33 
Glassand glazing... 1,093 953 12.8 1,093 Pa «oi earnhssedd 
Painting, 10% esti- 
mated... . 5 970 873 10.0 970 873 ge Se 
Structuralsteel.... 3,338 2,458 26.4 2,650 1,867 688 591 
Miscl. iron ; 2,968 2,061 30.7 2,555 1,724 413 337 
Hardware zig eat 93 93 es 93 93 ed tina Garena 
Wiring, 10% eati- 
mated.. ; ; 1,725 1,553 10.0 1,725 1,553 
Mail chute ; 12 12 : 12 12 aa a ar 
$259,738 $213,246 $161,741 $132,668 $97,997 $80,578 
17.8% less. 18.0% less. 17.7% less 


Total cubical contents, 1,660,029 cu.ft. 1925 cost per cubic foot, 15. 6c. 
1932 cost per cubic foot, 12. 8c. 


Neb., is laying a 36-in. cast-iron water line 


soc. 
132,600 ft. long, extending from Platte River to the 
Contract was awarded in September, 1931, to Abel & 
Dobson for $1,309,000. The pipe line is part of a wate 
project to cost nearly $2,000,000. Present supply is from 


city. 


32 wells in five groups located within the city limits. From 
1920 to 1930 population increased from 55,000 to 80,000, 
and water consumption from 2.14 to 7.8 m.g.d. 

Bids were asked also on steel and reinforced-concrete. 
The lowest three were: steel, Woods Bros. Construction 
Co., $999,305; concrete, Abel & Dobson, $1,004,000; cast 
iron, as above. Cast iron was selected because of the 
preference of the water advisory board for’ that material. 
Abel & Dobson submitted the only bid on concrete. Com- 
plete list of the other bids is given in the tabulation. H. K. 
Burket is chairman of the board. D. L. Erickson is city 
engineer. 























Current Construction Unit Prices 


Two Mid-West Warehouses Built in 1925 and 1927 Repriced to 1932 


25-Mile Cast-Iron Water Line for Lincoln, Neb. 


Plan and profile, water-supply pipe line, Lincoln, Neb. 
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1925-27 as now.” The 16-18 per cent decrease in labor co. 
is due to increased output and competition for contracts. 
The decrease is about the same as for materials. Total drop 
in costs is 18 per cent for the 1925 building and 15 per cent 
for the 1927 building. The Engineering News-Record Cost 
Index Number averaged 206 in 1925-27 and 159 in the first 
quarter of 1932, thus recording a general cost drop of 23 
per cent. 


TABLE II — COSTS OF MILL CONSTRUCTED WAREHOUSE BUILT 1927 


Four stories and basement. 72x73-ft. Brick walls, concrete columns, beams 
basement, concrete slab first floor. Lally columns above, t4x 14 in. girders, 4x | 2-in 
joints, 2-in. D & M sheeting floors, facebrick, stone belts one side. Stone sil|s 
and coping, steel sash and wiring. 


Total Total —Materials—. ——-Labor——~ Tota! 

Item 1927 1932 1927. 1932 1927, 1932) Per Cent 

: Less 1932 
General conditions $4,612 $4,612 $3,422 $3,422 $1.190 $1,190 a 
Wrecking and ex- 

cavation........ 1,847 1,273 1,300 946 547 327 31.0 
Foundations... . . 686 512 438 334 248 178 lo.o 
Cement floors and 

WEB cists. 1,047 955 623 527 451 £28 11.0 
Reinf.concrete.... 3,491 2,614 2,113 1,547 1,378 . 1,067 25.1 
Brick masonry.... 18,676 16,445 9,392 8,796 9,284 7,649 12.0 
Rough carpentry... 5,915 5,072 4,285 3,622 1,630 1,450 14.2 
Millwork......... 498 432 319 288 179 144 13.3 
Lath and plaster. . 683 529 683 BR Leda Sih te oe 22.5 
Fireproof doors.... 4,722 4,059 4.353 3,716 368 343 14.4 
Steel sash..:... 433 433 395 395 38 38 ae 
Sht; mtl. and root- 

Te eee 1,558 1,215 1,558 1,215 Nag ot? acca ale 22.0 
ae 403 376 403 | ARS ben oie 6.6 
Painting, 10% esti- 

ont.. es a 500 450 500 MD Fie Bee 10.0 
Structural steel.... 5,000 3,626 4,463 3,089 537 537 27.5 
Miscl.iron........ 436 358 392 314 44 a4 18.0 
Hardware........ 200 200 200 Wee acs fear es =< 
Wiring, 10% esti- 

meted ni. 960 864 960 Re 10.0 

$51,667 $44,025 $35,799 $30,630 $15,894$13,395 
14.7% less 14.3% less 15. 8%. less 
Total cubical contents, 374,100 cu.ft. Cubie foot cost 1927, 14.2¢. Cubic 


foot cost 1932, 12. 0c. 






Cast-Iron Pipe Per Foot Amiount 
Abel & Dobson, Lincoln, Neb., contract............ $9-$10.30 $1,309,000 
U.S. Pipe & Foundry Co., Burlington....... . 8.99- 10.33 1,315,654 
Missouri Engineering & Contracting Co., St. Louis.... 9.26 1,341,500 
Roberts Construction ©0.................05..... 10.00 1,358,700 
Peter Kiewet Sons; R. S. Morrow & Son, Omaha..... 11.37 1,557,471 
Williams Bros:, Inc., Tulsa.:......°.........0..... 11.42 1,615,050 
Newberg & Bookstrom, Lincoln.................. 12.40 1,555,122 
J.J. Hannighen Co.,Omaha...................... 13.30-— 15.00 1,877,000 

Steel Lock Bar j-In. Wrapped Pipe Covering 
Boyle Construction Co.; Massman Co.; Whitmire 

onstruction Co., Kansas City.................. 8.45 1,150,000 
Dg eS a ae 8.65 1,195,000 
WRIINORS . cnwedaee des beet) Sala chs chee 9.78 1,321,770 
Pi Se Es 805i ora ka obo k a eR ET 10.75 1,512,000 

Steel Lock Bar j-In. Without Wrapped Pi 

Covering — 2 to 4 per Cent Increase over }-In. 

Steel Electrically Welded }-In. Wrapped 
Wood Bros. Construction Co., Lincoln, low......... 7.27 999,305 
Boyle Construction Co., etc., second low........... 7.90 1,075,000 
Steel Electrically \Welded j-In. Without Wrapping 
Pittsburgh-Des Moines St. Co., Des Moines. ....... 8.00 1,118,129 
Boyle Construction Co., etc...............:200ees 8.05 1,100,000 
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